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metal-glass seals delivery of which can be effected promptly. 
Many additional types can be supplied by arrangement, 

and our Engineers will welcome the opportunity of 
collaborating with vou in the design of special seals for 
your particular requirements. 
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OFFICIAL APPOINTMENTS 


ADMIRALTY, Royal Naval Scientific Service. 
Engineers and Physicists (particularly with elec- 
tronics) required for ‘at Some pe in (a) Senior 
Scientific Officer and Scientific r grades 
(Ref. A246/52A), and (b) Experimental cer 
and Assistant ge nae Officer grades (Ref. 
A247/52A) in Experimental Establishments in 
London, Portsmouth, Weymouth areas and 
Scotland. Candidates, British subjects, for (a) 
must pc first or second class Honours 
Degree in Physics or Engineering, or high pro- 
fessional attainments such as corporate member- 
ship of appropriate professional institution with 
suitable experience and responsibility, and for 
(b) should ess one of the following qualifi- 
cations: University Degree in Science, Engineer- 
ing or Mathematics, Graduate membership of 
appropriate professional institution, Higher 

ational Certificate, Final certificate of five- 
year grouped course in relevant subject at City 
and Guilds of London Institute or comparable 
institution, Higher School Certificate with 
Mathematics or Science as peron subject or 
equivalent qualification. S.S.0.’s at least 26 
years of age with at least three years’ approved 
experience, London salary (men) £812-£1,022 

r annum; S.O.’s at least 21 years £440-£707; 

.O.’s at least 26 years £628-£786: A.E.O.’s at 
least 174 years £274-£586. Rates for women 
and posts in Provinces somewhat lower. Start- 
ing salaries above minima may be granted 
according to age and experience. All appoint- 
ments unestablished (with F.S.S.U. for $8.0. 
and S.O.) but with some opportunities to com- 
te for 1 er Posts. 


Application forms 
rom S., Technical . 


and__ Scientific 


Register (K), Almack House, 26, King Street, 
London, S.W.1, quoting appropriate me KOS 


AIR MINISTRY requires Scientific Officers for 
Operational Research on wide variety of prob- 
lems, in London and provinces, under direction 
of Scientific Adviser to Air Ministry. Qualifica- 
tions: First or Second Class Honours Degree or 
equivalent, in physics or engineering. Salary 
(London) within range £440-£707 (men), £440- 
£567 (women). Provincial rates somewhat lower. 
Posts unestablished, with possibilities of estab- 
— for en . ot remain- 
ing under age . Application forms, quoting 
A285/52/A from _ M.L.N.S., Technical and 
Scientific Register (K), 26, King Street, London, 
S.W.1. W 2389 


ASSISTANTS (SCIENTIFIC): The Civil Service 
Commissioners invite applications for pension- 
able _ Applications may be — up to 
3ist December, 1953, but an earlier closing date 
may be announced either for the competition 
as a whole or in one or more subjects. Age 
at least 174 and under 26 years of age on Ist 
January, 1953, with extension for regular servi 
in H.M. Forces, but candidates over 26 with 
specialized experience may be admitted. Can- 
didates must produce evidence of having 
reached a prescribed standard of education, 
particularly in a science subject and of thorough 
experience in the duties of the class gained by 
service in a Government Department or other 
civilian scientific establishment or in technical 
branches of the Forces, covering a minimum of 
two years in one of the following groups of 
scientific subjects: (i) Engineering and physical 
sciences. (ii) Chemistry, biochemistry sak metal- 
lurgy. (iii) Biological sciences. (iv) General 
(including geology, meteorology, general work 
ranging over two or more groups (i) to (iii) and 
highly skilled work in laboratory crafts such as 
glass-blowing). Salary according to age up to 
25: £236 at 18 to £363 (men) or £330 (women) 
at 25 to £500 (men) or £417 (women); somewhat 
less in provinces. Opportunities for promotion. 
Further particulars and application forms from 
Civil Service Commission, Scientific Branch, 
Trinidad House, Old Burlington Street, London, 
W.1, quoting No. S 59/53. Application forms 
should be returned as soan as possible. W 2378 


CITY OF COVENTRY Education Committee. 
Coventry Technical College. Principal: H. V. 
Field, B.Sc., Wh.Sch., M.I.E.E. Electrical 
Engineering and Physics Department. Required 
September Ist, 1953, full-time Lecturer in E‘ec- 


MAY 1953 


tronics and Telecommunications. Candidates 
should be graduates or hold equivalent qualifi- 
cations, have had appropriate industrial or 
service experience and preferably some teaching 
experience. Salary in accordance with th 
Burnham Technical Scale (£940 x £25—£1040). 
Application forms and further particulars of the 
above appointment are obtainable from the 
Director of Education, Council House, Coven- 
try, to whom completed forms should be 
returned as soon as possible. W 2429 


INSTRUMENT MAKERS AND PRECISION 
FITTERS urgently required by Ministry of 
Supply for services as Research and Experi- 
mental Mechanics at Harwell. Applicants must 
have served a recognized apprenticeship or its 
equivalent and have had at least 5 years’ sub- 
sequent experience as a craftsman with a firm 
of scientific instrument makers, or with a firm 
making or maintaining electronic, electrical, 
pneumatic, horological, or optical instrument 
mechanisms. Rates of pay for 44-hour, 5-day 
week: 165/4 on entry with assessment later for 
merit pay. Merit pay agreed after first assess- 
ment can be applied from date of entry. 
Possibility of advancement to 189/4. Apply, 
giving details of apprenticeship, training (in- 
cluding Forces training), qualifications, and 
experience, to Director, arwell, 
Didcot, Berks, marked ‘‘For the attention of 
Senior Labour Manager’’. W 2384 


MEDICAL RESEARCH COUNCIL. Techn‘cian 
with knowledge of electronic engineering re- 
quired for work connected with research on 
deafness and audiology. Candidates should have 
aualifications equivalent to Higher School Cer- 
tificate or Higher National Certificate. Starting 
salary according to qualifications and experience 
at some point on the scale £410 to £580. Appli- 
cations in writing should be made within 14 
days of the appearance of this notice to the 


Director, Wernher Research Unit on Deafness,. 


Royal National Throat, Nose and Ear Hospital, 
Golden Square, London, W.1, quoting the 
names of two referees. 


MINISTRY OF SUPPLY requires Engineers or 
Physicists for Royal Aircraft Establishment, 
Farnborough, Hants. (1) Scientific r— 
Engineer Groterey Aeronautical) or Physicist 
for research on flutter and vibration problems 
in Aircraft Structures (Ref. A.81/53/A). (2) 
Senior S.O.—Electrical or Electronic Engineer 
for development and application of electrical 
and electronic equipment in connexion with 
above research (Ref. D121/53/A). Qualifica- 
tions: Ist or 2nd Class Honours Degree or 
equivalent in relevant subject and, for senior 
grade minimum of three years’ post-graduate 
research experience. Salary within ranges: S.S.O. 
(minimum age 26), £781-£980; S.O., £417-£675. 
Women somewhat less. Posts unestablished. 
F.S.S.U. benefits may be available. Application 
forms from M.L.N.S., Technical and Scientific 
Register (K), 26, Kine Street, London, S.W 1. 
quoting appropriate reference. W 2388 


MINISTRY OF SUPPLY: Senior Principal 
Scientific Officer: Directorate of Electronics 
Research and Development, London. The Civil 
Service Commissioners invite applications for a 
permanent and pensionable appointment. Can- 
didates must have been born on or before 31st 
December, 1921. Required to plan and co- 
ordinate all electronic research in the Ministry 
to review continually the whole field of elec- 
tronics and advise on the need to initiate new 
lines of research, particularly of a basic nature. 
Candidates must have Ist or 2nd Class Honours 
Degree in physics or electrical engineering, or 
equivalent qualification provided that a can- 
didate without this qualification but of high 
professional attainments may be considered. 
Candidates should have had several years’ 
experience in electronics, with responsibility for 
experimental and deve'opment work. Inclusive 
salary scales: Men £1.600-£1,850: Women £1,423- 
£1,680. Starting salary determined on assessment 
of successful candidate’s qualifications and 
experience. Further particulars and application 
forms from Civil Service Commission, Scientific 
Branch, Trinidad House. Old Burlington Street, 
London, W.1, quoting No. S4197/53. Applica- 
tion forms to be returned by 7th pa 


PROFESSIONAL ENGINEERS IN VARIOUS 
GOVERNMENT DEPARTMENTS. The Civil 
Service Commissioners invite applications for 
about 150 pensionable posts in a wide variety 
of mechanical and electrical engineering duties. 
Applications may be accepted up to 30th Sep- 
tember, 1953, but an earlier closing date may 
be announced. Candidates must be under 35 
on Ist January, 1983, with extension for regular 
service in H.M. Forces and up to two years for 
permanent civil service. For the Post Office they 
must be at least 21, for the Ministry of Supply 
and Ministry of Civil Aviation at least 23, and 
for all other Departments at least 25 on that 
date. Generally a candidate must possess a 
University Degree in Engineering or be a Cor- 

rate Member of one of the professional 
institutions—Mechanical — Engineers, Electrical 
Engineers, or Civil Engineers—or have passes 
in, or exemption from, Sections A and B of 
the corresponding Associate Membership ex- 
aminations. Exceptionally, candidates of high 
professional attainment, but without the specified 
qualifications, may be admitted. For some posts 
Associate Fellowship of the Royal Aeronautical 
Society or an Honours Degree in Physics will 
be accepted. Inclusive salary scale (men_ in 
London) £628 (at age 25) to £970. Starting 
salary according to. age up to £875 at 34. 
Candidates entering below age 25 will start at 
salaries varying from £429 at age 21 to £549 
at age 24. Prospects of promotion. Salaries of 
next higher grades are £970-£1,280 and £1,331- 
£1,536. Somewhat lower for women and in the 
rovinces. Further particulars and application 
‘orms from Civil Service Commissior, ientific 
Branch, Trinidad House, Old Burlington Street, 
London, W.1, quoting No. $85/53. W 2411 


UNIVERSITY OF EDINBURGH. Assistant- 
ship in the Department of Engineering. Appili- 
cations are invited for the post of Assistant 
in the Department of Engineering, to com- 
mence duties on Ist October, 1953. The com- 
mencing salary will be £450 per annum, with 
Superannuation Benefit and Family Allowance 
where applicable. Applicants should possess an 
Honours Degree in Electrical Engineering and 
some research experience would be desirable. 
Further particulars may be obtained from the 
undersigned with whom applications, giving the 
names of two referees, should be lodged not 
later than Ist June, 1953. Charles H. beware, 
Secretary to the University. W 234 


UNIVERSITY OF OXFORD. Department of 
Pharmacology. Electronics Engineer required, 
graduate or non-graduate. If applicant is a 
graduate he should have some interest in 
biology. Duties would include maintenance, 
design and construction of research equipment. 
Salary according to qualifications. Applications 
to Professor J. H. Burn. W 1699 


VACANCIES exist under the War Department 
Pg following: Post (a) Technical Assistant 
Grade 11 (Predictor and Workshop Section). 
Ref. D348/52A: Post (b) Technical Assistant 
Grade 11 (Instrument and Wireless Section). 
Ref. D349/52A. The —— for the posts 
in question are: (a) veoticants should possess 
the Higher National Certificate or equivalent 
qualification and have experience in the manu- 
facture and repairs and test of electronic com- 
puting machines in respect of both electronic 
and mechanical equipment used. The selected 
candidate would be required to take charge of 
a workshop sub-section engaged in the base 
overhaul of electronic computors. (b) Applicants 
should possess the Higher National Certificate 
or equivalent qualification and have experience 
in the manufacture, repair and test of service 
telecommunication equipment. The selected can- 
didate would be required to take charge of a 
workshop sub-section engaged in the base over- 
haul and/or pre-issue inspection and repair of 
all types of service telecommunication. Appli- 
cants must be of British parentage. The salar 
for the posts is £590-£702. Starting salary will 
be fixed according to age, qualifications and 
experience. Annual increases are payable subject 
to satisfactory service. Successful applicants will 
be required to work in the Donnington, — 
shire, area. ry es forms from M.L.N.S., 
Technical and Scientific Register (K), 26, King 
Street. London, S.W.1, quoting appropriate 
Ref. No. 2395 
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SITUATIONS VACANT 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 

tion of Vacancies Order, 1952. 





AERONAUTICAL SERVICE ENGINEER tre- 
quired in Johannesburg, South Africa, for instal- 
lation, flight testing and servicing of instruments. 
Practical and theoretical knowledge of AC and 
amplifier systems and Electronic engineering 
practice essential. Experience of electro-mechani- 
cal, servo and synchronous transmission systems, 
together with H.N.C. or equivalent preferable. 
Second class passage paid to successful appli- 
cant. Apply with full details of experience, etc., 
= quoting No. 1089 to Personnel Manager, 
perry Gyroscope Co. Ltd., Great West ans 
Boentord’ Middlesex. 2415 


A LARGE company manufacturing aircraft 
instruments requires an assistant engineer for 
the staff of a new laboratory in Surrey. The 
duties of the engineer will cover a wide field 
in the design, development and testing of air- 
borne electrical equipment. The post will pro- 
vide valuable training for a young man interested 
in the field of electronic or magnetic amplifiers 
and automatic control. Applicants must possess, 
or be studying for, an engineering Degree or 
Higher National Certificate in Electrical Engin- 
ecring. Age 20-30. Apply, giving full defails of 
experience and qualifications, to the Chief 
Development Engineer, Waymouth Gauges & 
Instruments Limited, Station Road, Godalming, 
Surrey, quoting reference E.13. 1689 


vo oe ARE INVITED from ex. 

A.F. Signals Officers living in S.E. Lan- 
ain for part-time service as Signals Officers 
with No. age (cy of Pc pyre Fighter 
Control Unit. AUX. F. Applications to 
The Adjutant, No. 3613 F. é U. R.A Bowlee, 
Middleton, Lancs. Tel.: Mibdleton, 2441, Ext: 
15. W 2383 


A RAPIDLY EXPANDING FIRM of instru- 
ment manufacturers, in the London area, with 
wide interests in the mechanical, electro- 
mechanical and electrical engineering industry 
require electrical and mechanical engineers to 
work on some of its development projects 
closely allied with the expansion programme. 
An attractive salary, good prospects and respon- 
Sible positions will be offered to men having 
Suitable qualifications which are: (a) Well 
qualified electrical engineers with initiative and 
a sound background of experience in design 
and development in light to medium engineer- 
ing. If this experience includes one or more of 
the following: small electric servo-mechanisms, 
smail electric machines, frequency and voltage 
regulation, magslip and other data transmission 
systems, ir mm la and power supplies and 
associated electronic equipment, this may be 
an advantage. (b) Well qualified mechanica! 
engineers with initiative, workshop training and 
a sound background of experience in design 
and development in light to medium engineering. 
If this experience includes servo-mechanisms, 
hydraulics, gyro-stabilizers or computing 
systems, this may be an advantage. W 2398 


A SMALL Sales Group of a well-known light 
electrical engineering company, having its Head 
Office in the London area, has a vacancy for 
a Senior Commercial Engineer to handle Radio 
Communication and Radar products. Appli- 
cants should have a _ Degree, the correct 
approach in dealing with Government Depart- 
ments and other customers, and the abiilty to 
follow through projects systematicaly with 
laboratories and factories to customer satisfac- 
tion. This important post involves responsibility 
for product sales in the Home and Export 
Markets. Applications should state age, chrono- 
logical details of academic qualifications and 
experience and salary required. They will be 
treated in confidence. 483 Box No. W 160 


ASSISTANT transfo-mer designer is required by 
progressive electrical manufacturers. Specialized 
experience in audio and small power trans- 
formers, sound electrical training and good 
general knowledge of physics essential. Per- 
manent position arises through expansion of 
development and_ research facilities. Salary 
commensurate with experience and _ ability. 
Apply with full details of age, a and 
salary required, to Box No. 1702. 


A.T. & E. (BRIDGNORTH) LTD.., subsidiary 
of Automatic Telephone & Electric Co. Ltd., 
have immediate and future vacancies for Senior 


ELECTRONIC ENGINEERING 


and Junior Electronic Engineers, Design 
Draughtsmen and Draughtsmen. A number of 
Senior Engineering posts are available for suit- 
ably qualified engineers with knowledge of 
VHF/UHF radio communication systems. 
There are also vacancies for Technical Assis- 
tants. Salaries according :o qualifications and 
experience. Senior ,Design Draughtsmen having 
at least 5S years’ experience are required. 
Experience in mechanical design of electronic 
equipment or installation layout of radio 
Stations would be an advantage. Draughtsmen 
should have completed their National Service 
and have some experience, with education up 
to National Certiticate standard. Staff con- 
ditions of service, including Company Superan- 
nuation Scheme and 5-day week. Applications 
should be made to: The Chief Engineer, A.T. 
& E. (Bridgnorth) Ltd., Bridgnorth, Shropshire, 
giving full details of age, qualifications, experi- 


ence and salary required. W 2334 
BELLING & LEE LTD., Cambridge Arterial 
Road, Enfield, Middlesex, require research 


assistants in connexion with work on electronic 
components, fuses, interference suppressors and 
television aerials. ‘Applicants must be graduates 
of the I.E.E. or possess equivalent qualifica- 
tions together with similar laboratory ex- 
perience. Salary will be commensurate with 
previous experience; five day week, contributory 
pension scneme. Applications must be detailed 
and concise, and will be treated as at ye 


BRITISH INSULATED CALLENDER’S 
CABLES LTD. require for their Telecommuni- 
cations Laboratory, Kirkby Trading Estate, 
near Liverpool, capable draughtsmen for 
interesting design and development work on 
light _Electro/Mechanical accessories. Applicants 
qualified to O.N.C. standard and with previous 
experience in a similar capacity nag Prod 
keen and conscientious men need a Appi 
cations in writing to: The Staff One "BL 

Ltd., Prescot, Lancs. W 2399 


BRITISH INSULATED CALLENDER’S 
CABLES LTD. require for their Telecommuni- 
cations Laboratory, Kirkby Trading Estate, 
near Liverpool, Laboratory Mechanics for the 
development of light electro-mechanical acces- 
sories. Previous experience ‘in polythene press 
moulding would be an advantage but this is 
not essential. Candidates for these vacancies 
should be first-class men capable of precise 
bench work. Applications in writing to: The 
Staff Officer, British Insulated Callender’s Cables 
Ltd., Prescot, Lancs. W 2409 


DECCA RADAR LIMITED require draughts- 
men and junior draughtsmen for Research 
Drawing Oftice, preferably experienced in any 
of the following fields: Radar, radio and elec- 
tronic circuits, electro-mechanical devices, light 
mechanical engineering. Knowledge of work- 
shop practice essential, applicants must possess 
Ordinary National Certificate or equivalent. 
Positions permanent and progressive; salaries 
based on A.E.S.D. raies. Write giving full 
details to Chief Draughtsman, Decca Radar 
Ltd., 2, Tolwoith Rise, Surb.ton, mary 6 

1 


DECCA RADAR LIMITED invites applications 
from experienced microwave engineers to join 
the Company in its extensive work in a wide 
field of microwave link and radar development. 
The Company offers excellent starting saiaries 
and first-rate opportunities for men to exploit 
their initiative and to rise rapidly to responsible 
posts. Graduates without industrial experience 
who are prepared to undertake intensive train- 
ing are also invited to apply for junior posts. 
Apply in writing to Research Director, Radar 
Laboratory, 2, Tolworth Rise, Surbiton, a: 
1 


DECCA RADAR LTD. invites experienced 
Electrical Engineers to apply for the post of 
leader of a group, to be formed, for the pre- 
production of microwave links. The post carries 
good starting salary, is pensionable, and there 
are good prospects of expansion in scope. Appli- 
cants-must be of British nationality and should 
te under forty years of age. Write, quoting ref. 
SRT.B.: The Research Director, Decca Radar 
Ltd., The Research Laboratories, 2, Tolworth 
Rise, Surbiton, Surrey. W 168 


DEVELOPMENT ENGINEERS required in the 
Radio’ Component Laboratory of The Plessey 
Company Limited. Applicants for these positions 
should preferably have a Degree in engineering 
or physics, or Higher National Certificate, and 
should have experience in the development of 
light electro-mechanical devices. The appoint- 
ments carry the right of entry into the Com- 
pany’s Pension Fund and Life Assurance Scheme 












after a probationary period, and offer excellent 
opportunities for promotion. Applications, quot- 
ing reference EE/51, should be made in writing, 
stating full details, to the Personnel Manager, 
The Plessey Co. Ltd., Ilford, Essex. W 2407 


DESIGN ENGINEER with a good Degree and 
sound industrial experience required for design 
of television circuits and associated components. 
Sound technical experience and ability to work 
on own initiative. Permanent and pensionable 
staff appointment. Please write, in confidence, 
giving details of experience and salary required 
74 goons reference EE/16, to Box No. 


DRAUGHTSMAN required for interesting and 
varied work on Scientific Instruments, workshop 
training desirable with at least O.N.C. The 
current D. rates plus an annual bonus 
are offered. Full details to Chief Draughtsman, 

. G. Pye & Co., Ltd., ‘“‘Granta’? Works, 
Newmarket Road, Cambridge. W 1694 


ELECTRONIC, Radar and Radio Engineers, 
Senior and Junior, are urgently required for 
new division of the General Electric Company, 
at their Stanmore Laboratories. Applicants for 
the senior posts should be capable of directing 
the work of a small team engaged on 
electrical development of electronic equipment 
for guided missiles or radar. Knowledge of 
-O.S. Specifications and procedure would be 
an advantage. Applications should be made in 
writing stating age, qualifications and experience 
to the Personnel Manager, G.E.C. Stanmore 
Laboratories, Brown’s Lane Division, The 
Grove, Stanmore Common, Stanmore, Middle- 
sex, quoting ref. RG/BLS. W 2358 


ELECTRONIC ENGINEER is required for an 
interesting development project involving D.c. 
amplifier, servo and pulse techniques. Applica- 
tions are invited from young: engineers aged 
24-30, well educated and qualified to H.N.C. 
or equivalent. Experience in one or all of the 
aforementioned techniques would be an advan- 
tage. Write full details to Box No. 2344. 


ELECTRONIC ENGINEER required to work 
on development of Service projects in small 
ommnareee situated on South Coast. Experience 
F. and pulse work essential. Some 
veaneinnte an advantage. Degree or equivalent 


desirable. Write full details and_ salary 
expected. Box No. W 6. 
ELECTRONIC ENGINEER required for 


development work in a laboratory (London S.E. 
Area) engaged in the application of electronic 
techniques in new fields. Pension Scheme. Give 
full detai's of qualifications, experience, age and 
commencing salary required. Box No. W 2427. 


ELECTRONIC ENGINEERS with experience 
required for senior positions in connexion with 
the development of electronic training aids 
including Flight Simulators. Apply in writing, 
giving details of hee pe 2 and experience, 
to Mr. G. B. Ringham, Redifon Limited, Flight 
Simulator Division, 59 Webber Street, London, 
S.E.1. W 2390 


ELECTRONIC ENGINEERS are required as 
Section Leaders of teams working on experi- 
mental field trials of guided weapons. Appli- 
cants | should have at least H.N.C. and five 
years’ experience in the development of elec- 
tronic devices in the micro-wave, pulse or 
communication field, and be capable of taking 
responsibility for the serviceability of weapons 
for trials and of undertaking parallel develop- 
ment work in the laboratory. Applicants may 
have the opportunity of carrying out some of 
the work in Australia at a later date. Good 
salaries. Subsistence allowances while working 
away from base. Pension scheme. Details 
should be sent to the Assistant Manager (A), 
The Fairey Aviation Co., Ltd., Dept. E, 
Research and Armament Development Division, 
Heston Aerodrome, Hounslow, Midd — a3 


ELECTRONICS ENGINEER, spare time early 
stages, for small new factory Leeds/Bradford 
area. Must have sales and marketing knowledge 
and abiiity to design electronic equipment and 
guide projects through factory, and test to 
customer satisfaction. Partnership offered with- 
out investment to gentleman with high technical 
and sales experience. Opportunity to become 
age ge - this rapidly developing field. Box 
No. 


CLASSIFIED ANNOUNCEMENTS 
continued on page 4 
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and savings up to 4/5 of the size and 5/6 of the weight in com- 


parison with other storage batteries of similar capacities. 


The Venner silver-zinc accumulator is ideal when exceptionally 


high rates of discharge are a necessary requirement. 





WEIGHT AND SPACE SAVING BY VENNER ACCUMULATORS 
IS VITAL IN MANY PROJECTS TO-DAY 











Write for Brochure VA/LM 


VENNER ACCUMULATORS LTD., 


Kingston By-Pass, New Malden, Surrey 
Telephone : MALden 2442 








the smallest 
single stage 

axial flow fan 
ever produced 
for electronic 
cooling and 

allied applications 


Type 2 PL 81 (23” diameter) 
OUTPUT : 44 CUBIC FEET OF AIR PER MINUTE 
A 


T 0.25” S.W.G. 
MOTOR 24 28 VOLTS D.C. 
Full details and specifications of all axial flow modeis from:— 


CAMACK BROWNE LIMITED, 140, PARK LANE, LONDON, W.1. 


PHONE: MAYFAIR 4374. 
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SITUATIONS VACANT (Cent'd.) 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
a Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 








ELECTRONICS ENGINEER. Graduate or 
equivalent standard uired for the Research 
saneeteion of Briti Insula 


Bush, for the development and making 
equipment for dealing with all 

cables, transmission lines, etc. candidate 
should have had previous experience this 
field. A tions should be made in writing 
to the Officer, B.I.C.C. Ltd., 21 Blooms- 
bury Street, W.C.1. W 2408 


ENGINEERS required for design and technical 
Precess engineering of Capacitors. Previous 
experience in this field will be an advantage 
but not essential. Write giving full details of 
oF Saperence and salary required to Box No. 


rome ange with yor eg of — and 
jon design are required for work in the 
Development Department of a Wire 
Broadcasting firm in South-West London. 
Write giving particulars of qualifications, experi- 
ence and required to Box No. W 2247. 


EXPERIENCED Fault-Finders wanted by Mid- 
land Manufacturers of Radio uipment. 
Permanent Posts located in the Midlands are 
Offered to men with Some, Radio 

4 rite stati 
fully, ice and salary required to Pen 
sonnel Manager. Box No. W 2318. 


EXPERIENCED Radio Testers and Inspectors 
required for production of communication and 
radio apparatus. Also Instrument makers, 
wirers and aot, for Factory Test appara- 

Cole 


tus. anager, E. ‘ 
Ltd., Works, Malmesbury, Wilts. 
W 146 


EXPERIENCED ENGINEER required to take 
control of and expand a vitreous enamelled 
wire-wo resistor project. | should 
be completely familiar with gli design and pro- 
+ at prob ~ » of this class of work including 
training of staff. i i 
level  sappeocer + noes for the t man. Please 


write confidence stati i 
ua: 


FERGUSON RADIO CORP. LTD., Great 
Cambridge Road, Enfield, require Draughtsmen 
(Senior and Junior) with experience of Radio 
and Television Receiver Design, also small 
mechanical details. Progressive post. A.E.S.D. 
rates. 5-day week. Apply Employment Meo. 


FURZEHILL LABORATORIES LTD. offer the 
following vacancies for staff to assist in the 
development and production of precision elec- 
tronic instruments. (a) Junior Development 
Engineer preferably with previous experience of 
instrument circuit design. Qualifications from 
O.N.C. standard to University accept- 
able. Salary £450-£650 per annum. (b) Electronic 

ineer to responsible for the design and 
construction of test equipment and for non- 
routine testing. Previous experience of ipstru- 
, and theoretical know- 
ledge to H.N.C. standard an advantage. Salary 
£450-£520 p.a. (c) Test Engineers. Previous Test 

rtment experience esseritial. Salary £420- 
A tions should be made in 


writing to ineer, Furzehill Labora- 
tories Ltd., Boreham Wood, Herts. Wwi6 


IMPERIAL CHEMICAL INDUSTRIES 
LIMITED, Metals Division, has a vacancy at 
its Kirkby Works, Liverpool, for an Assistant 
Technical Officer to operate a direct reading 
spectrometer for the control analysis of copper 
base alloys. Candidates should be between 24 
and 30 years of age, should possess Inter B.Sc. 
or an equivalent qualification, and should have 
had experience in analytical work. Some know- 

of electronics would also be advantageous. 
Write stating 7 and experience to Assistant 
Staff Manager, I.C.I., Metals Division, Witton, 
Birmingham 6. W 2417 


JOSEPH LUCAS (Gas Turbine Equi t) 
Ltd. invites applications for Electronic in- 
eers. Some knowledge of servo anisms 


ELECTRONIC ENGINEERING 


would be an advantage. Should have University 
Se aee, woes Sleek wae 
ai er rospects to indivi ‘ 
initiative and t ical ability. Salary be 
in accordance with experience and qu ® 
Details of experience and qualifications should 
be sent to Personnel Manager, — 
~ urbine Equipment) Ltd., oor 
, Hall Green, Birmingham. W 1701 


LARGE ENGINEERING COMPANY situated 
in the London Area invites applications from 
Senior Design gineers with experience of 
design and development of variable condensers. 
The appointment is concerned with important 
defence projects and long term private venture 
development work and is permanent and pen- 
sionable. This is a first class opportunity and a 
very adequate salary is available. Write, quoting 
reference EE/97, giving details of qualifications 
and experience to Box No. W 2414 


MECHANICAL DESIGN ENGINEER required 
with experience of design and development of 
vibrators and/or valve holders, switches and 
panel accessories. Applicants should be capable 
of sponsoring new components from specifica- 
tions to production stage. Degree or equivalent 
and a good industrial background. This appoint- 
ment is of a permanent nature and calls for 
an Engineer with sufficient experience and 
ability to justify a_good salary. Please write, 
quoting reference /67, stating qualifications 
and experience to Box No. W 2412. 


McMICHAEL RADIO LTD. require Senior 
and Junior Engineers in their equipment 
division laboratory at Slough. Training and 
experience in the field of applied electronics 
including communications) and experience of 
working with Government artments are the 
chief qualifications required. Write stating age 
and full details of training, qualifications and 
experience to the Chief ineer, Equipment 
Division, McMichael Radio Ltd., Te; 
Bucks. W 157 


MINIATURE ELECTRONIC COMPONENTS. 
Small expanding works in the South Midlands 
seeks the services of a devel ent engineer. 
The appointment offers a opportunity to 
a yo radio engineer’ with some experience 
in miniaturization to improve his position. 
Write details of qualifications, experience and 
salary required. Box No. W 2396. 


MURPHY RADIO LTD. have vacancies for 
two or three Senior Engineers to lead develop- 
ment teams in their Electronics Division, App.i- 
cations are invited from men with Engineering 
or Physics Degrees or equivalent, and with first 
class experience in the fields of Radar Naviga- 
tional Aids, V.H.F. Communications Receivers 
and Low Power Transmitters. Salary upwards 
of £650 per annum according to qualifications 
and experience. Candidates ae gp to bring 
energy and drive to their work may address 
their applications in confidence to the Per- 
sonnel Manager, Murphy Radio Ltd., Welwyn 
Garden City. W 2361 


OIL PROSPECTING. Young Electronic Engin- 
eers, with Higher National or C. and G. Certifi- 
cate and with some knowledge of Physics. 
required to train for positions with seismic oil 
D ting parties overseas. Commencing salary 
£45 per month. Free quarters and messing pro- 
vided a, overseas ag allowances depending 
upon area of operations. Permanent career open. 
Write Box No. W 1695. 


OPPORTUNITY EXISTS FOR A _ TRANS- 
FORMER DESIGN ENGINEER to create and 
man: a department to manufacture small 
transformers for specialized applications (such 
“C” core). Applicants ould have the 
requisite mechanical as well as electrical know- 
ledge with ability to train production staff. Send 
full details of previous aarnare and salary 
required to Box No. W 2405. : 


PHYSICIST with at least 3 years’ industrial 
experience required for development work on 
measuring instruments. Salary £600-£900. Pen- 
sion scheme. Full details to Chief Electrical 
Engineer. Simmonds Aerocessories Le 


PHYSICISTS AND ELECTRONIC ENGIN- 
EERS. Interesting opportunities exist for versa- 
tile physics or electrical engineering graduates 
on the development of transducers and associated 
electrical/electronic apparatus for measurement 
of transient and steady state phenomena in pre- 
cision mechanical engineering projects at D. 
Napier and Son, Ltd., Acton. Applicants with 
suitable experience please forward full details, 
quoting ref. 861A, to Central Personnel Ser- 
vices, English Electric Company Ltd., a 
Strand, London, W.C.2. W 2382 


PYE TELECOMMUNICATIONS LTD., Ditton 
Works, Cambridge, have vacancies for senior 
and junior engineers. Experience in V.H.F 
design and engineering is essential. Vacancies 
also exist for engineers with specialist experi- 
ence in multi-channel V.H.F. Telephony. Salary 
accordimg to qualifications and experience 
Please apply, stating age Rand 


experience to the Personne anager. 





QUALIFIED MECHANICAL ENGINEER with 
electronic and light electrical experience required 
by Company engaged in design and development 
of guided weapons; preferably with knowledge 
of servo mechanisms to take charge of labora- 
tory engaged on the design and development of 
control systems, power supplies, electrical gyros 
and other ancillary devices. Salary up to £1,500 
p.a. for applicant with suitable qualifications 
Pension scheme; housing assistance. Apply Box 
AC 80899, Samson Clarks, 57-61 Mortimer 
Street, London, W.1. W 2422 





RADIO AND RADAR TESTERS. First-class 
men required for work on V.H.F. Communi- 
cation Gear and Government Contracts for 

dio and Radar Equipment by Midland 
Manufacturers. Men with wide experience of 
Fault Finding in any of the fields mentioned 
should, write giving full details to Box No. 


RESEARCH ENGINEERS required for auto- 
matic welding development projects. Jaytees 
should possess the necessary aptitude and quali- 
fications to undertake research work—a Degree 
in electrical engineering is essential—but ample 
opportunity is available for outstanding success- 
ful candidates to make further progress in the 
automatic welding field, in which this North- 
East firm —_ an inponant position. Apply 
in writing to Box No. 1688. 


SCIENTIFIC INSTRUMENT MAKERS | in 
North London have a few vacancies for skilled 
laboratory assistants and wire-men for the 
development and production of high quality 
electrical and electronic apparatus. Please apply, 
in writing only, stating qualifications, experience 
and salary required, to Personnel Officer, Hilger 
and Watts Ltd., Hilger Division, 98 St. Pancras 
Way, London, N.W.1. W 2410 


SENIOR Mechanical designer. Two or three 
vacancies exist in our Electronics Division for 
Senior i ughtsman on Electronic 
Equipment. Candidates should be of at least 
Higher National Certificate standard and should 
be capable of leading a design team in this 
class of work. Salary £650 per annum upwards 
accordi to qualifications and experience. 
Applications should include full details of 
experience to date and may be forwarded in 
confidence to the Personnel Manager, Sek 
Radio Ltd., Welwyn Garden City. W 2360 


SENIOR AND JUNIOR Design Draughtsmen 
— Applicants should have previous know- 
ledge of radio, television and associated equip- 
ment. Excellent salaries to men of proven 
ability. Good staff conditions. East London area. 
Please write, quoting reference EE/D, giving 
details of experience to Box No. W 2373. 


SENIOR AND JUNIOR Development Engin- 
eers uired for responsible work in Radio 
and clevision Development Laboratories. 
Applicants for senior position should be able 
to undertake Development work with the 
minimum supervision. cellent conditions and 
salary available for applicants who are 
accepted. Apply in first case to Personnel 
Manager (Dept. R.D.), McMichael Radio Ltd., 
Slough, Bucks. Applicants must be of British 
Nationality. 


SENIOR DEVELOPMENT ENGINEERS are 
required for work on small electro-mechanical 
devices. High technical and rsonal charac- 
teristics are essential and a University Degree 
is desirable. The positions hold promise of con- 
siderable responsibility and involve control of 
staff. Salary is commensurate with ability and 
experience. Excellent working conditions in 
modernly equipped laboratories. Bus services to 
Kingston, London, Guildford pass the premises. 
Five-day week, canteen, pension scheme, sports 


CLASSIFIED ANNOUNCEMENTS 
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... In nucleonics -and radio chemistry 
Nat 


tronic This familiar emblem, the Ekco House-mark, has long been 
_ | recognised as the symbol of a high degree of excellence in the 
cs @ manufacture of electronic and allied apparatus. Embracing many 
; fields of contemporary development, it now identifies a wide range 
up of advanced and specialised equipment for the nuclear scientist. 


EKCO 


iY nucleonic & electronic equipment 


I of E Scintillation Counters * Scaling Units * Counting Ratemeters * Radiation Monitors * Vibrating Reed Electrometers 
and 
Geiger Muller Tubes * Lead Shielding * Linear Amplifiers * Power Units * Complete Counting Installations * Thickness Gauges 
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SITUATIONS VACANT (Cont'd ) 





The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 





and social club with recreational facilities. 
Applicants must be of British Nationality and 
should submit details of age and experience to 

Manager, Cottage Laboratories Ltd., Ports- 
mouth Road, Cobham, Surrey. W 2416 


SENIOR ENGINEER required to design com- 
munications components and electronic appara- 
tus covering all aspects up to production. Wide 
experience and versatile outlook more important 
than specialization in one particular field. Write 
oe poe posts held, full —_ of quali- 
cations and experience and salary expected to 
Box No. W 2403. at 


SENIOR TELECOMMUNICATIONS ENGIN- 
EER is required to act in a full time consultant 
capacity to a large firm of electrical engineers 
and cable makers. The work entails theoretical 
studies of comprehensive telecommunication 
systems, technical liaison with home and over- 
seas administrations, and close collaboration 
with a progressive cable development team. 
Applicants must have a first-class technical 
background and wide experience of modern 
communication systems. Knowledge of tele- 
phone cable construction and _ instalation is 
essential. The initial salary offered for this 
Progressive post is in the range of £1200 to 
£1500 per annum. Reply to Box No. W 2250. 





SIR W. G. ARMSTRONG WHITWORTH 
AIRCRAFT LTD. Vacancies exist for three 
Electronic Technicians with Degrees or equiva- 
lent qualifications for work in connexion with 
Flight Trials of Guided Missi.es. Experience on 
the Service Radio and Radar equipment would 
be an advantage. Applications should be 
addressed to the Chief Engineer, Sir W. G. 
Armstrong Whitworth Aircraft Ltd., Baginton, 
nr. Coventry. W 2331 





SOLARTRON LABORATORY INSTRU- 
MENTS LTD. require Development Engineer 
for design and development of electronic equip- 
ment. The work is interesting and offers con- 
siderable scope for men with initiative and wide 
experience. Write giving full details of experi- 
ence and qualifications to Solartron Laboratory 
Instruments Ltd., 22 High Street, Kingston-on- 
ames. + 


S. SMITH & SONS (England) Limited, Bishops 
Cleeve, Cheltenham, have .a number of 
immediate and future vacancies in their Experi- 
mental Drawing s for Senior and Junior 
Designer-Draughtsmen. Previous experience in 
the design of small mechanisms, aircraft instru- 
ments, electro-mechanical devices or electronic 
equipment ‘is preferable but general technical 
ability and adaptability will qualify any appli- 
cant for consideration. The posts are permanent 
and pensionable and successful applicants will 
be assisted in finding suitable housing accom- 
modation. Applications are to be made on the 
poe se orms (quoting reference GW3/H) 
obtainable from the Personnel Manager at the 
above address. W 2393 


TECHNICAL ASSISTANT required for com- 
mercial work with large Company in London 
area, manufacturing electric telephone equip- 
ment. Write stating age, qualifications and 
details of experience, c/o Newspaper, to Box 
No. W 2421 


TECHNICIAN, with experience in electronic 
work, required for development laboratory in 
large Telecommunication Engineering Works. 
Give particulars of experience, education and 
technical training, qualifications and commencing 
salary required. London S.E. Area. Box No. 
W 2426. 


TEST GEAR DESIGN ENGINEERS required 
with practical experience of this class of work, 
based on sound knowledge of electronic prin- 
cip'es. These —— are permanent and 
progressive. ompany nsion scheme in 
operation. London area. Please write, in con- 
fidence, quoting reference EE/13, eo full 
details of qualifications to Box No. 2379. 


TELEVISION RECEIVER DEVELOPMENT. 
Two vacancies exist for experienced junior 





ELECTRONIC ENGINEERING 


engineers with enthusiasm for this work. Excel- 
lent opportunities for advancement. Applications 
should be addressed to the Chief Television 
Engineer, Pye Limited, Radio Works, Cam- 
bridge. W 2387 


TELEVISION TUBE ENGINEER. Must be 
experienced in all aspects of manufacture and 
test. New project not connected with any exist- 
ing Company. Surrey area. Write giving age, 
details of experience and salary required to Box 
No. W 1700. 


THE DE HAVILLAND ENGINE CO. LTD. 
Electronic Engineer required, interested in 
physical measurement rather than construction 
of apparatus, required for vibration measure- 
ment and analysis on gas turbine and piston 
engines. Please write in confidence stating age 
and full details of previous experience to the 
Personnel Officer, The De Havilland Engine Co. 
Ltd., Stag Lane, Edgware, Middlesex. W 2386 


THE ENGLISH ELECTRIC Co., Ltd., Luton, 
have vacancies for Electronic Engineers for 
development work on , Radio Sub- 
miniature equipment and/or recording tech- 
niques. Some Field Trials engineers and 
assistants also required. Applications stating age, 
experience and qualifications, and quoting ref. 
456L, should be sent to Central Personnel Ser- 
vices, English Electric Co., Ltd., 336/7, Strand, 
London, W.C.2. W 2381 


THE ENGLISH ELECTRIC Valve Co. Ltd., 
Chelmsford Essex, has several attractive 
vacancies, Junior and Senior, for Physics and 
Engineering Graduates to undertake research 
and development work on vacuum tubes. Appli- 
cations from Graduates who have recently 
qualified as well as those with industrial and 
research experience will be considered. Please 
write, giving full details and quoting ref. 419H 
to Central Personnel Services, English Electric 
Co., Ltd., Marconi House, 336/7, Strand, 
London, W.C.2. WwW 


THE G.E.C. Stanmore Laboratories are 
urgently requiring the following personnel. 
Applications should be made in writing to the 
Statf Manager, The Grove, Stanmore Common, 
Stanmore, Middlesex, stating age, qualifications 
and experience and quoting the reference against 
the vacancy. (i) Physicist or engineer with Higher 
National Certificate or Degree for advanced 
work on electronic circuitry. Knowledge of 
servo mechanisms would be advantageous. (Ref. 
SS/JM.1). (ii) Physicist or engineer with Higher 


National Certificate or Degree for servo 
mechanisms and_ small electro mechanical 
devices. (Ref. SS/JM.2). (iii) Physicist or 


engineer for problems in vibration or experi- 
mental stress analysis. (Ref. SS/CL.2). (iv) 
Engineer or physicist to investigate novel wave- 
guide techniques. Candidates should have prac- 
tical experience and good theoretical knowledge 
in this field. (Ref. SS/RCM.1). W 2397 


THE GENERAL ELECTRIC CO. LTD., 
Brown’s Lane, Coventry, requires Senior and 
Junior Electronic Development Engineers for 
work on Guided Weapons and like projects, 
particularly in the field of Microwave and Pulse 
Applications. Mechanical Development Engin- 
eers, Designer Draughtsmen and Draughtsmen, 
preferab!y with experience of Radar type equip- 
ments, also required for the above projects. 
Salary according to age, qualifications and 
experience. Houses will be allocated to selected 
staff. Apply by letter stating age and experience 
to The Personnel Manager (Ref. R.G.). W 158 


THE PLESSEY COMPANY LIMITED has 
vacancies in its laboratories for Senior and 
Junior Engineers in the following fields : 
Domestic Radio Development. A group leader— 
a man of outstanding ability and drive capable 
of assuming complete charge of a programme 
of domestic radio development: able to organize 
a development team and to impart his own 
enthusiasm to the members of his group. This 
post offers quite exceptional opportunities to the 
right man. Applications for this vacancy should 
be addressed to the Technical Director, who wi 
attend to all applications personally and in 
strictest confidence. Communication Equipment 
and General Electronics Development. nior 
Engineers—men experienced in the development 
of communications equipment: able to under- 
take the most advanced development work and 

pable of ing complete responsibility for 
their own projects. Junior Engineers—vacancies 
suitable for ambitious young men between the 
ages of 21 and 26 preferably with some experi- 
ence of Laboratory work in either the domestic 
radio or communications field. Prospects in all 
these posts are excellent and very adequate 
salaries are envisaged. The appointments are 





permanent and pensionable. Applications should 
be addressed for the attention of the Personnel 
Manager, The Plessey Co. Ltd., Vicarage Lane, 
Ilford. Essex. W 2374 


THE RADIO CORPORATION OF AMERICA 
invites applications from Telecommunications 
Engineers for positions on the New York staff 
to participate in the design of radio communi- 
cation systems of all types and to supervise 
their installation in America and _ overseas. 
Several senior engineers capable of assuming 
responsibility for the overall management of 
one or more projects are required. There are 
also positions for. younger engineers seeking 
advancement and opportunities to widen their 
experience, All applicants should have an 
engineering Degree or equivalent, and experi- 
ence in antenna design, propagation analysis, 
and applications of telephone and telegraph 
terminal equipment. These positions arise from 
an expanding commercial business not depen- 
dent on Defence contracts. Selected applicants 
will be interviewed in England. Excellent salaries 
according to experience and _ qualifications. 
Apply by letter stating full details of education 
and experience to Box No. W 2392. 


TRANSFORMER ENGINEERS required by 
large light engineering Company situated in the 
London Area. Applicants must be fully con- 
versant with the design of all types of trans- 
formers (up to S500VA Rating) associated with 
Radio, Electronics and Telecommunications 
Equipment. Progressive and permanent appoint- 
ment. Please write, in confidence, giving details 
of operers and quoting reference EE/20, to 
Box No. W 2413. 


T/V JUNIOR ENGINEERS required for the 
testing of Cameras and associated equipment. 
State details of television experience and 
education, Degree standard not necessary. i 
work offers good soins and prospects in this 
field. Apply Box No. 2401. 


VICKERS:-ARMSTRONGS_ LIMITED shave 
vacancies in their Guided Weapons Department 
for the following staff: Electronic Engineers of 
Degree standard, with at least three years’ 
experience in one of the following: V.H.F. 
Transmitter and Receiver Design, Pulse Tech- 
niques, Aerials, Transformer Design, Servo- 
Mechanisms and Electro-mechanical Devices. 
Technical Assistants with H.N.C. or C. & G. 
standard, for development work, electronics, 
servo-mechanisms and hydraulics. Draughtsmen 
with experience in electronics, electrical, or 
electro-mechanical design. Jig and Tool 
Draughtsmen. Apply—quoting reference G.W.1 
—to Employment Manager, Vickers-Armstrongs 
Limited, Weybridge Works, Weybridge, Surrey. 
Applications, with certain exceptions, are 
subject to the approval of the Ministry of 
Labour & National Service. W 2391 





VICKERS - ARMSTRONGS' LIMITED shave 
vacancies in their Guided Weapons Department 
for Inspectors on inspection and test of complex 
electronic devices; thorough experience of elec- 
trical laboratory instruments and low power 
V.H.F. technique essential; knowledge of Servo 
Systems would be an advantage. Apply in 
writing to the Employment Manager, Vickers- 
Armstrongs Limited (Aircraft Section), Wey- 
bridge, Surrey. Applications, with certain excep- 
tions, are subject to the approval of the 
Ministry of Labour and National Service. 

: W 2418 





WIREMEN REQUIRED. Fully experienced 
wiring electronic productions from theoretical 
circuits on own initiative without constant super- 
vision. General workshop experience an advan- 
tage. Good rates of pay and conditigns. West 
London area. Reply in the first instance, Box 
No. W 1690. 





SITUATIONS WANTED 





QUALIFIED ELECTRICAL ENGINEER, 20 
years’ industrial, government and _ research 
experience in light current field, would like 
appointment in progressive company with view 
returning to New Zealand 1955 in advisory or 
representative capacity. Box No. W 1698. 
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Hae; omer an ideai Compination... 
RICA 
ations vets ° 
— providing R.F. power for driving transducers and R.F. bridges, 
aan also for the general development and testing of audio and video 
uming Z Z 
pil equipment. The instruments may also be used to excite M.F. 
“thet : aerials and feeders for radiation tests. 
¢ an #1 
x) i- a e 
alysis, | e 0.2 Volts input e 15 Watts output 
gra : 
on 
lepen- 
icants a 
alaries 
tions. 
— WIDE RANGE OSCILLATOR 
d by MODEL OS.101. 
in the 
con- 
trans- FREQUENCY RANGE :; 
with 25 c/s—250 Ke/s in 4 ranges. 
ations Additional calibration at 300 Ke/s. 
point- 
letails ACCURACY : 
>» Better than 1 per cent or 1 c/s. 
r the STABILITY : 
ment Long term better than 0.1 per cent. 
and 
i DISTORTION : 
1 this Less than 1 per cent of the total output. 
have HUM LEVEL : 
ment 0.1 per cent of the maximum output. 
rs of 
fears 
H.F. 
Tech- 
ervo. 
vices. 
Baal WIDE BAND POWER AMPLIFIER 
eo MODEL AWS.53. 
Tool E 
.W.1 ; FREQUENCY RANGE : 
‘ongs 20 c/s—3 Mc/s in three ranges. 
rrey. 
are POWER OUTPUT : 
at F 15 watts, 20 c/s—500 Kc/s. 
8 watts, 20 c/s—1.5 Mc/s. 
cs" VOLTAGE OUTPUT : 
have a 150 volts push pull 20 c/s—3 Mc/s. 
ment ; 
iplex : LOAD IMPEDANCE : 
elec- 3 15Q, 75Q, 150Q or 600Q balanced or earthed. 
vy, 
~siad 4 INPUT VOLTAGE : 
: 5 0.2 volt for full output on power ranges. 
Vergy é 0.1 volt for full deflection output. yak 
kers- A ee 
Wey- rare, — 
ccep- % . 
the x 
| The new Solartron Power Amplifier when driven by the | S WATTS OUTPUT 
2418 “ Oscillator, Model OS.101 or an H.F. signal generator, 
— : will provide an output power of 15 watts nominal 
nced q between 20 c/s and 1.5 Mc/s with a choice of load 
tical 3 ° ‘ ‘ ° ene 
per- i impedances to suit different matching conditions. In 
Next # addition, a voltage output of 150 volts push pull for 
Box 4 C.R.T. deflection is provided with a response to tran- 
5] sients of 0.1 microsecond. 
: inn alinselnia ite QUICK DELIVERY FOR BOTH INSTRUMENTS 
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ape a \ iat Write now for details of these and other new products to : 
sl ~N —_—— 
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SOLARTRON LABORATORY INSTRUMENTS LTD. 
TEL: KINGSTON 8981 P.B.X 





22 HIGH STREET KINGSTON SURREY. 
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FOR SALE 





AMERICA’S famous magazine Audio Engineer- 
ing, 1 year subscription 28s. 6d.; specimen 
copies 3s. each. Send for our free booklet 
quoting all others: Radio Electronics, Radio 
and Tele. News, etc. Willen Limited (Dept. 9), 
101 Fleet Street, London, E.C.4. W 108 





ELECTRONIC COMPONENT SUPPLIES. We 
specialize in the supply of Electronic Compo- 
nents, Accessories, Test Equipment, etc., for 
Government Depts., Industrial Concerns, Re- 
search Establishments, Laboratories, Colleges, 
etc. Your enquiries and orders will receive our 
prompt attention. Holiday & Hemmerdinger 
Ltd., 74/78 Hardman Street, Deansgate, Man- 
chester, 3. Tel.: Deansgate 4121. W 148 





FOR Ro. 1038 D to requirements. Cossor 
ee oS ay Double Beam Oscillograph. 
x : 


HIGH Aeetton IMPREGNATORS for £280. 
Suitable for all Impregnation requirements. 
Other specialized Vacuum equipment manufac- 
tured to customers’ specifications. Vactite Com- 
oy and Assemblies, 505, Lordship Lane, 
E.22. Telephone: Forest Hill 7089. W 166 


MAGSLIPS at 1/10th to 1/20th of list prices. 
Huge stocks. Please state requirements. K. 
Logan, Westalley, Hitchin 1744, Herts. W 116 


MINIATURE BALL BEARINGS, Steel Balls, 
Stainless Steel and Phosphor Bronze lis. 
Prompt delivery. Distributors: Insley (London) 
Ltd., 21/22 Poland 7 London, W.1. Tel.: 
GERrard 8104 and 273 W 155 


SINE-COSINE heal Magslips, Sel- 
syns, Ipots, Velodynes and equipment and 
components for automatic control. Servotronic 
Sales, inc. Hopton Radio, No. 1, Hopton 
Parade, Streatham High Road, London, S.W.16. 
STReatham 6165. See our advertisement on 
page 72. W 2319 
SINE-COSINE RESOLVERS (3” Magslip 
Transmitters No. 5, AP 10861). Brand new, 


each in maker’s tin. Offered in quantity at less 
than one tenth of cost. Export inquiries in- 
vited. P. B. Crawshay, 166 Pixmore Way, 
Letchworth, Herts. Ww 133 


TESTER, MODEL 104, Volts DC/AC, mA, 
0-1 ohm to 15 Meg; valve tester. Superb instru- 
ment, £21. Details: Ball, 55 Waverley Road, 
Stoneleigh, Surrey. W 1696 
WEBB’S 1948 Radio Map of the World, new 
multi-colour printing with up-to-date call signs 
and fresh information; on hea art paper 
4s. 6d., post 6d. On linen on roliers 11s. a 
post 9d. W 102 





EDUCATIONAL 


CITY & GUILDS (Electrical, etc) on ‘* No 
Pass—No Fee ’’ terms. Over 95 per cent suc- 
cesses. For full details of modern courses in 
all branches of Electrical Technology send for 
our 144-page handbook—Free and post free. 
B.I.E.T. (Dept. 337C), 17 Stratford Place, 
London, W.1. W 142 


COUNTY BOROUGH OF BOLTON—Educa- 
tion Committee. Bolton Technical College. A 
three-year full-time course in Electronic Engin- 
eering commences in September, 1953. Appli- 
cants should be in the - range 16 to 18, and 
have obtained, or be taking, General Certificate 
(Ordinary Level) in Mathematics or Physics, or 
equivalent courses in technical institutions. This 
rapidly developing industry offers new and 
attractive openings to qualified men. Applica- 
tion forms and percars may be obtained 
from the Principal, Technical College, Bolton, 
Lancs. W. T. liey, Chief Education Officer, 
Education Offices, Nelson Square, Bolton. 
W 1658 
FREE. Brochure giving details of courses in 
Electrical Engineering and Electronics, covering 
A.M.Brit., I.R.E ity and Guilds, etc. Train 
with the Postal Training College operated by 
an Industrial Organisation. Moderate fees. 
.M.I. Institutes, Postal Division, Dept. EE29, 
43, Grove Park Road, London, W.4. (Associate 
of H.M.V.). W 2808 
UNIVERSITY OF EDINBURGH. Principal: Sir 
Edward Appleton, C.B.E., K.C.B., D.Sc., 
F.R.S. Diploma in Electronics and Radio. The 
one year post-graduate diploma course in Elec- 








tronics and Radio will commence on October 
13th, 1953, and will provide specialized training 
for those wishing to proceed to research in this 
field, or to employment in industrial organiza- 
tions. Applicants should hold an Honours 
Degree in electrical engineering, mathematics or 
physics. The main lecture courses are in network 
theory, principles of valve circuits, transmission 
and radiation theory, and particles in fields. 
Laboratory and field work will be arranged to 
support the lecture courses. A limited number 
of grants may be made available for suitable 
candidates. Further ———.. and application 
forms can be obtained from the Secretary, The 
University, South Bridge, Edinburgh. The closing 
date for applications is Ist June, 1953. W 2337 





WANTED 





WANTED to 
Generator, type 
Box No. W 2402 


WANTED to complete series for binding. 
Electronic Engineering, January, February and 
March 1945. I. F. Long, Rothamsted peri- 
mental Station, Harpenden, Herts. W 1693 


urchase, a Marconi Signal 
F.867, new or second-hand. 





SERVICE 





GLASSBLOWING. High Vacuum, Chemical, 
pig og seals, Research Apparatus. —_— 
or es runs. Capacity so 
+ oa Hy 129 ower Addiscombe Rgad, ors 

don. Add. 


ssccsemsiceai As specialists in all t 

of Sheet Metal Work for the Radio and 
trical Trade we are able to quote you very keen 
prices for a og’ — job. Intensalite Sign 
and Fixture Co. 89, Leopold Street, Bir- 
mingham, 12. Telephone Vic. 0065. W 1684 


REPAIRS AND MAINTENANCE to all types 
of electronic equipment and precision instru- 
ments. Enquiries invited from industrial users, 
government depts., research and educational 
establishments, etc. Glyndon_ Radio Service 
Ltd., Industrial Equipment Department, 68, 
Wellington Street, S.E.18. Phone: WOO 2749. 











Nickel Alloys of extreme purity sox vuves ao ves 














MEETING PRECISELY YOUR MANUFACTURING PROBLEMS 


The production of cathode nickels, gridnic wires, valve and lamp support wires and plates has to meet 
We have long experience of the peculiar problems involved and our 


the most stringent requirements. 
advice is always available. (You may, for instance, like to hear more about our alloys for glass-metal seals.) 


BRITISH DRIVER-HARRIS COMPANY LTD. 


“THE ELECTRICAL ALLOY DATA BOOK” 
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MANCHESTER [5 


Copies free on request 
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number 
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Esperi- f 
V 1693 
Typical uses of Hivolt products 
mical, A.C. IONISATION TESTING 
to- 
a ANTI-STATIC DEVICES 
1691 BREAKDOWN TESTING 
4 CABLE INSULATION TESTS 
‘Sign CAPACITOR TESTING 
} ames CATHODE RAY TUBE PRODUCTION AND DESIGN 
ope CHEMICAL PRECIPITATION 
‘u- 
—, CHARGING UNITS FOR IMPULSE GENERATORS 
«7 D.C. IONISATION TESTING 
2749. DUST PRECIPITATION 
F ELECTRON MICROSCOPES 
ELECTRON OPTICAL EQUIPMENT 
FLASH TESTING 
GEIGER MULLER TUBES 
GENERATOR INSULATION TESTING 





HIGH-SPEED CATHODE RAY TUBES 
INDUSTRIAL FIBRE ALIGNMENT 


MEASUREMENT OF HIGH A.C. AND D.C. 
VOLTAGES 


MEDICAL RESEARCH 

PINHOLE TESTING IN MATERIALS 
TESTING OF TELEVISION COMPONENTS 
VALVE TESTING 


i 











D.C. ionisation equipment up to 50 kV 

A.C. ionisation equipment up to 25kV RMS 50 C/S 
D.C. breakdown testers up to 100 kV 

Impulse generators up to 250 kV 

Stabilised D.C. E.H.T. power supplies up to 50 kV 
A.C. and D.C. E.H.T. meters up to 100 kV 


Se Se Oe EES, CERIN 


The illustration shows the Hivolt 
1000 V to 50,000 V ionisation and 
leakage test set, designed for 
bench mounting. This equipment 
gives an output current of 250 


I 
i 
i 
i 
j 
microamps. It is finished in stove | 
| 
I 


5 RES 





enamelled hammered gunmetal and is 
42” high x 22” wide x 20” deep. 
It weighs approximately 180 Ibs. 


Standard equipments are available in all the 
above ranges. Apparatus to customer's 
specification can be designed on request. 





HIVOLT LIMITED, 34a, POTTERY LANE, LONDON, W.II 
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The wide range of blowers for force-cooling of 
valves and maintenance of desired temperature 
levels in electronic and general electrical appar- 
atus is typical of the progress maintained by 

The illustration shows the smallest of 
the blowers (4” Axial Flow type and 24” Centri- 
fugal type), but our range covers duties from 
5 c.f.m. up to many thousands of c.f.m. at pres- 
sures up to 45 or more inches w.g. These blowers 
are used in MARINE & AERODROME RADAR 
INSTALLATIONS, AIRCRAFT AUTOMATIC 
PILOTS, COMMUNICATION AND BROAD- 
CASTING STATIONS, R.F. HEATING 
EQUIPMENT, Etc. Let us know your 
application—we shall be pleased to put 
forward our proposals. 


AIR CONTROL INSTALLATIONS LTD. 
RUISLIP ¢<, MIDDX. 
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What makes a power supply valuable 





—to YOU? 


That depends on your present problems. 
Maybe you want a wide voltage range or 
even several voltages. You may need 
high stability, low hum or low internal 
resistance. Perhaps you require reliable 
construction with conservatively rated 
components which will serve you for 
many years. Certainly you would like a 
low price. 


No doubt you are interested in finding 
an instrument combining all the above 
features! If you are, read the following 
data carefully. 


§ 
§ REGULATED POWER SUPPLY 
, Type LS7C 
Outputs: a. ; Positive, continuously variable 0 - 450V D.C. 200mA. 
Line stabilization : 10mV - 25mV change in output for a 10°, change in 
line voltage (depending on output voltage setting). (0°005°%). 
; Load stabilization : 0°1 - 0°2V change in output for no load—full load change 
(depending on output voltage setting). 
Ripple : 0‘SmV R.M.S. at 200mA. 
b. ; Negative, corresponding figures are: 160V D.C. 30mA, 10mV, O'1SV 
¢ O'SmV. 
c. § Negative, derived from b, high impedance, continuously variable 0 - 150V, 
§ 0:2mA. The potentiometer is logarithmic. 
d. : 6°3V, 4°SA. 
e. 9 63V, I°5A. 
Input : ; 220V and 117V, 50 - 60 c/s. 
Weight : ; 13kgs. (291bs.). 
Dimensions: § 200 x 240 x 340mm. (8 x 94 x 134 inches). 


MAY 


Immediate delivery from stock in Sweden. 


LS7C uses long-life selenium rectifiers. The steel cabinet is of unusual 
construction and very well ventilated to provide reliable functioning. 
Available for standard rack mounting. 


CIVILINGENJOR CARL O. OLSSON 
Pepparvagen 40 - Enskede - Sweden 
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For a good rare 
atmosphere 







Metal evaporator 
for coating con- 
denser paper. 


A rare good Vacuum Pump ! 


... Kinney 


Many of to-day’s products take shape through being processed in atmospheres 
rarefied by Kinney Vacuum Pumps. Penicillin, titanium, cathode ray tubes, 
coated mirrors and lenses, blood plasma, dehydrated foodstuffs and oils, metal 
coated foils and condenser papers, orange juice, impregnated electrical components, 
“improved” wood, are a few examples. Wherever vacuum processing is 
applicable, Kinney pumps give the lowest cost results. 


ENERAL ENGINEERING 


RADCLIFFE ) LT® 
af 





GENERAL ENGINEERING CO. (RADCLIFFE) LTD., Station Works, Bury Road, Radcliffe 
Telephone RADcliffe 2291/3 (3 lines) London Office : 3rd Floor, 9 Victoria Street, London, S.W.1. Tel.: ABBey 5278 
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The 
Saunders-Roe 
Displacement 
Indicator 


This instrument and its associated pick-offs 
have been designed to afford a degree of stability and 
linearity of calibration at least as good as that of a 
mechanical extensometer. In addition the maximum 
possible measuring flexibility and adaptability have been incorporated. It is normally supplied for 
two channel working but additional channels up to a total of six can be made available if desired. 
Displacement is indicated as deflection on a panel mounted 0-1 milliameter and additional facilities 
are provided to connect the output stages to suitable direct recording equipments. 


THE PICK-OFFS 

In order to secure linearity of calibration witiun 
a wide working range, the pick-off unit consists electrically of a 
constant impedance inductive half-bridge unbalanced by move- 
ment of a magnetic material in proximity to the inductive 
elements. Whilst this system is considerably less sensitive in 
terms of mechanical displacement/electrical output than the 









conventional differential transformer, it does provide extremely 






good linearity over a wide range, which is considered to be a 






prime feature in this type of equipment. The pick-offs may be 






used singly or in pairs. Paired use is a particularly valuable 






application, for instance, in process control, where dimensional 









monitoring is required in the absence of a convenient datum, 





An Inductive Pick-off 






e.g. plastic extrusion, wire drawing, foil rolling, etc. 






GENERAL SPECIFICATION 
The instrument is engineered to the standard of robustness necessary for general industrial use. All 


electronic circuits are carefully stabilised against mains supply variations, and components are of high quality 
and stability. ALL SALES ARE SUBJECT TO THE COMPANY’S STANDARD CONDITIONS. 

















INSTRUMENT PICK-OFF 
Dimensions: Height: 10.5 in. Length: 17 in. Depth: 9g in. Dimensions: ... ... .... Length: 2.35 in. Dia: .go in. 
WGighits «sey. psa: 3098 Bie oavconss: 39.6 Wo. Cxgia ke.) Mounting flange: 1.30 in. dia. 
Power Supply: ... ... 115-230 volts, 50-60 c.p.s. A.C. Weight: ... ... . te tee eee nee © $7.5 Grams. 
Measuring frequency and range: ... Max. 600 c.p.s. Weight of moving clement: rene cg 2.5 grams. 
Measuring ranges:... ... ... | O-.005”, O-.015”, 0-.050". 
Other ranges available: Reset dani. sec, ane Wak: OM On 
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ELECTRONICS DIVISION 


OSBORNE * EAST COWES * ISLE OF WIGHT 
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@ GLASS FABRIC LAMINATES 





Illustration of radome we are at present producing. 


= We are the leading producers of Glass Fabric Laminates in 
this country and specialise in the manufacture of these in 
various grades both as standard lines and to customer’s own 
specification. We will be pleased to advise you on a suit- 
able laminate for any application where strength and elec- 
trical or chemical resistance are of paramount importance.* 


THERMO-PLASTICS LTD. 


DUNSTABLE - BEDS. 
Telephone : DUNSTABLE 686/7/8 and 777 Telegrams : THERMOPLASTICS, DUNSTABLE 


MOULDERS AND FABRICATORS OF ALL PLASTIC MATERIALS 


' celeeetiteetinstoenstioestiicee’iontion Icon | 


Specialists in Perspex fabrications, glass laminates and |! * For further details | 
bending of rubber to Perspex and metal, compression | please write for our | 
and injection mouldings in Bakelite, Urea, Formaldehyde, " , 
Polythene, Polystyrene, Cellulose- Acetate, etc. i leaflets 1 


Diecast anise tks — om sand 





DUNSTABLE 
AN NT 
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a publication of interest to scientific and 






industrial electronic engineers 


This G.E.C. folder forms an invaluable reference to 
the latest developments in the field of electronic devices. 
It contains brief specifications, screen characteristics, 
pin connection tables etc. and is available free on 
application. Fuller details of all the electronic devices 
described in this folder can also be supplied. 


Write to the Osram Valve 
and Electronics Dept. 
for Folder OVI782 





THE GENERAL ELECTRIC CO. LTO., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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THe Marconi TF 195M isa low-distortion tone generator 
of the heterodyne type. This carefully designed instru- 
ment covers a frequency range of 10 c/s to 40 kc/s and 
has a maximum output of 2 watts at source impedances 
of 600 and 2,500 ohms. Its companion instrument — 
Wide Range Beat Frequency Oscillator Type TF 195M/5 
—has a coverage of 50 c/s to 200 kc/s and incor- 


porates a ladder network output attenuator. 





Full details of these, and of 
4 other B.F.O.’s in the Marconi 
range, gladly sent on request. 
_ Ask also for specification . of 
TF 3388 600 ohm VARIABLE 
ATTENUATOR — of sensibly con- 
stant input impedance, suitable 


*| for audio frequency measure- 


ae 


ments; virtually linear decibel 


Lec 


scale; with metal panel and 





case providing screening 


against external fields. 


fee aan pea NB 
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WIDE RANGE BEAT FREQUENCY OSCILLATOR TYPE TFI9SM/5. 


MARCONI 


INSTRUMENTS 


SIGNAL GENERATORS * BRIDGES - VALVE VOLTMETERS * FREQUENCY STANDARDS * OUTPUT METERS * WAVE METERS * WAVE ANALYSERS 








MARCONI INSTRUMENTS LTD: ST. ALBANS - HERTFORDSHIRE 


Midland Office: 19 The Parade, Leamington Spa. Northern Office: 30 Albion Street, Kingston-upon-Hull. 
Export Office: Marconi House, Strand, London, W.C.2. 





ELECTRONIC ENGINEERING 16 MAY 1953 





ey 








wt 


if 











SA oe a ee 


EVERSHED 


F.H.P. MOTORS 





Be 








XN 
AHIGH ~" TANCE ROTOR 





Za 


bot 


__ 


LOW RE 


SISTANCE ROTOR 





act 


| 
C SYNCHRONOUS 








TORQUE IN OUNCE INCHES 























0 


SPEED 


3,000 (50> ) 
3,600 (60 ) 





CHARACTERISTIC CURVES FOR ASYNCHRONOUS MOTORS 


Motors are rated for a temperature rise of 55°C 


in free air. 


details of Evershed’s range of small motors. 


Write for publication E.E.262, giving 


DATA SHEET No. 4. 


SINGLE PHASE (CAPACITOR START AND 


RUN) AND THREE PHASE A.C. MOTORS 
























































F Torque Speed w 
rame Max. ree atts 
Size Type Voltage Phases | Frequency nein ils oad st pear ‘| Characteristic Output 
oz. ins. oz. ins. r.p.m. 
FC 31/0 ; rs pM ee 
FC 32/0 Asynchronous 230 | 50 25 A 
FC 33/0 : ‘ * 
FC 34/0 Synchronous 230 J 50 1:0 0°75 3000 Cc 7 
FC 35/0 : : ; 
FC 36/0 Asynchronous 230 | 50 15 2:0 2500 B 4:0 
FE 16/C | Synchronous 230 ; I 50 60 6:0 3000 Cc 13°5 
FE 17/A | Synchronous 50 3 50 40:0 9:0 3000 Cc 20:0 
FE 18/C | Asynchronous | 230 ! 50 90 21:0 2650 B 42:0 
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EVERSHED AND VIGNOLES LIMITED 


ACTON LANE WORKS 


Telegrams: Megger, Chisk, London 
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* CHISWICK 


+ CONDON 
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Cables: Megger, London 
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The scope of that ubiquitous valve, 


types. Little more than half the size of the 


prove performance at the high frequency end 
This, together with their 


use in mobile equipment. 





THAT OF 


U.S.A. TYPE 807, PLUS 2X7KA ADVANTAGES 
WITH THESE WEW MINIATURE Sfondord VALVES 


greatly extended by the introduction of these new Standard 


electrode assemblies are more compact ... stronger and more 
rigid ... and their glass bulbs less vulnerable. Thus, both 
mechanically and electrically, they offer a new high standard of 
reliability. Shorter grid and anode leads, glass base with 


miniature-type pins, reduce inter-electrode capacity and im- 


makes them particularly suitable for 


The range of four valves 
offers a choice of heater voltage : 


the 807 has been 


normal 807, their 


of the scale. 


small size, 
































5B/254M 5B/255M 5B/257M 
double-ended single-ended single-ended 
6-3V 6.3V 12V 
0-9A 0-9A 0-47A 
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those of high altitude and anode modulation. 
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Where the overall seated height must be kept as low as possible, the 
single-ended type 5B/255M may be used under conditions other than 


Please ask for very informative data sheets 


sword ALVES 


Srandard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 


RADIO DIVISION: Oakleigh Rd., New Southgate, London, N.1! 
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New, 


convenient sources of 


B-rays for 


Industry, Medicine or Research 








Long used by the radiotherapist and the physicist, B-rays are now becoming 
increasingly useful in industry —for instance in thickness gauges and static elimina- 
tors. For such applications we can now supply B-ray sources which are efficient, 
convenient and robust. 

These sources take the form of silver foils, plaques, and wites. The radioactive 
isotope is firmly bonded within the metal, so that it cannot be released accidentally, 
and all external surfaces are free from radioactive contamination. 

This technique can be supplied to many isotopes, covering a wide range of physical 
characteristics, and in various forms. The following have been most popular so far:— 












































FOILSTt 
Strontium-9go Radium-D 
Code Microcuries/sq. cm. Code Microcuries/sq. cm. 
SIM 1 0.008 RBM 1 0.008 
SIM 2 0.3 RBM 3 12 
SIM 3 30 CERIUM — 144 
SIM 4 ~— CHM 3 300 
+40 mm. wide x 0.15 mm. thick. Active area 25 mm. wide down centre of foil. 
PLAQUES* 
Strontium-90 
Code ; 
Active Area. Sq. cm. Activity. Millicuries. 
Circular Square 
SIP. x SIP 2 I 5 
SIP 3 SIP 4 2 5 
SIP 5 SIP 6 2 10 
SIP 7 SIP 8 4 10 
SIP 9 SIP 10 4 20 














* (The dimensions and activities of these plaques correspond to those of the radium plaques commonly used therapeutically) 











For further information please write to: — 
RADIOCHEMICAL CENTRE, AMERSHAM, BUCKINGHAMSHIRE, ENGLAND 


AEE SE a NE ENE AMIENS 8.208 36 
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Photograph by courtesy of Gresham Transformers Ltd. 














Where solder does 


an [mporfant job... 


the electronic engineer relies on Enthoven and to customers’ specifications. ‘‘Telecene’’ 
products. Here a transformer is safely sealed liquid activated rosin based flux made by a 
in its case with Enthoven solid solder wire, Enthoven is the ideal fluxing medium for pre- . 


just one of hundreds of different tinning and dip soldering. 





finishing operations successfully Our technical advisers and lab- 


completed with Enthoven solders. oratory staff are available for free 





Enthoven Tinmans, Blowpipe, consultation. Technical data, 


K 
Ea 
iY 

<d 

a 


1 


Ingot, and Solid Wire Solders descriptive literature and samples 





are supplied to B.S. 219 — 1949 will be gladly sent on request. 
PI 4 gee") q 


ENTHOVEN souvee enonucrs 


—- SOLDERS LTD., 89 UPPER THAMES ST., LONDON, E.C.4 Phone : MANsion House 4533 Telegrams: ENTHOVEN PHONE LONDON 
, wv 
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GOODMANS 


P.M. VIBRATION GENERATORS 


vibration pick-ups and ancillary equipment 


These vibration generators provide vibratory sinusoidal forces of frequency and amplitude by which specific vibratory conditions 
can be simulated. They provide the means of assessing the effects of sudden acceleration on materials, structures and components. 


MODEL V47 for the vibration 

of very light elec- 
tronic components, optical-cell research, 
hairspring torque testing etc. 


TUMOR» 60 300.3,5 Force factor 0.9 lbs. per amp. 
Max. Continuous 
Current Rating 1.5 amps; 2.0 amps up to 
(R.M.S.) min. duration. 
GUO a ict cs 0.2 in total excursion. 
Impedance..... Varies with frequency and 


load between 3 and 10 ohms. 
Frequency Range. Up to 10,000 c/s. 


Weight of Moving 

ee 6.5 grams. 

Stray Fields .... Operating zone less than 
25 gauss. 

Flux Density. ... 11,000 gauss. 

a 2 Ibs. 


MODEL 390A frei aay 
naga ieernatiog force of approximately 
= Ss. 


ae Force factor 4.7 Ibs. per amp. 
Max, Continuous 2 amps uncooled; 4 amps 
Current Rating with air cooling of approx. 





(R.M.S.) 5 Ibs. per sq. in. 

ee oe 0.5 in total excursion. 

Impedance ..... 8 ohms matching. 

Frequency Range. Up to 10,000 c/s. 

Weight of Moving 

ee ee ee 0.16 Ibs. 

Stray Fields .... Operating zone less than 
00 gauss. 

Flux Density .... 11,000 gauss. 

So. ee 26 Ibs. 


















MODEL 790 For Vibrating 
heavy com- 

ponents, and is capable of producing 

a force of + 50 Ibs. 

This unit has a force factor of approxi- 

mately 9.5 amps and a total current 

capacity, with air cooling, of 4 amps 

(R.MS.) 

Stroke ..s...+. 0.5 in total excursion. 

Impedance... .« 15 ohms matching 

(approx.) 

Frequency Range. Up to 5,000 c/s. 

Weight of Moving 

ae 8 ozs. (approx.) 

Stray Fields .... Operating zone less 


than 100 gauss. 
Flux Density... . 11,000 gauss. 
Total Weight .,. 70 Ibs. 


(inc. trunnion) 


MODEL 8/600 


For the vibration of heavy 
loads or complete assem- 
blies. Has a total force of 
approximately + 


a lin. total 
excursion, 

Impedance. .... to suit driv- 
ing equip- 
ment. 


Frequency Range Up to 3,000 
c/s. 
Weight of Moving 


es 6 Ib. 
(approx.) 
Stray Fields.... Operating 
zone less 
than 25 
gauss. 
Flux Density ... 10,000 gauss 
Total Weight... 4 cwt. 
(inc. trunnion) (approx.) 


This unic can be fitted with 
(a) built in air cooling blower 
(b) switch to give high or low 
impedance armature coil and 
(c)pick-up unit for monitoring 
wave form and amplitude. 


Driving Equipment for 
Model 390A 


(A) POWER AMPLIFIER TYPE D/120 (120 watts continu- 
ous rating) covering a frequency range of 10 c/s to 10,000 c/s 
and giving full output over the entire range. A specially designed 
tuning unit increases the current and hence the thrust of the 
generator with which it is used. This arrangement, in addition 
to providing a greater current output, also ensures a purer 
wave-form. P 


(B) TRANSFORMER UNIT, TYPE 120 This is provided as 
a separate unit purely for reasons of physical accommodation. 


(C) STABILISED POWER SUPPLY UNIT, TYPE DS/i20 
By means of this unit the H.T. supplies for the amplifier are 
stabilised so that the full power of the amplifier will be main- 
tained even if the mains voltage drops. Subsidiary unstabilised 
heater and biasing voltages are also derived from this unit. 


(D) OSCILLATOR, TYPE RC/D.1I. This fully covers the 
range of the amplifier, i.e, 10 c/s to 10,000 c/s. Apart 
from being a highly efficient oscillator, specifically designed for 
operation with the Type D.120 amplifier, this is in effect a 
control unit, and includes (a) a valve volt meter calibrated 
directly in amperes to indicate the current in the moving coib 
of the vibrator; (b) 
a gain control for 
varying the current to 
the generator, and so 
to control the ampli- 
tude of its vibration; 
(c) facilities for incor- 
porating a phase 
meter, to provide the 
measurement of phase 
angles from which 
motional impedence 
can be plotted. 















Driving equipment also available for Models 790 and 8/600. 


Full technical information and Data Sheets are 
available on request to ‘“‘Special Products” Division B. 





GOODMANS INDUSTRIES LTD. 


AXIOM WORKS - WEMBLEY ° MIDDX. Telephone: Wembley | 200 (8 lines) 
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There’s more in 
resistance work | 

















<3e GS eee 


—Resistance Boxes and Units 
Slide Wires 

Fixed Resistors 
Attenuators 

Potentiometers — 


than meets 
theeye 





THE A-S RANGE Reliability, stability, accu- 




















T Resistance Current or Accuracy of racy ii ts i these are the 
ype Range Voltage Rating | Adjustment f 
eatures no photograph can 
A-S-A | 10 x 0-1 ohms O75A 405% reveal. ... . features for which 
antec cons, a — Muirhead products have long been 
noted. 
A-5-C | 10 x 10 oh O25A 401% 
pRsiaaging Take, for example, the A-5 Decade 
A-5-D | 10 x 100 ohms 75 mA 201% Resistance Unit illustrated; high 
ais Aubin ‘nase 201% accuracy resistors wound on ceramic 
cards ensure a low inductance and 
A-5-F 1 10x 10,000 ohms |7°5mA or 250V 401% P 
time constant; a robust self-cleaning 
A-S-G | 10 x 100,090 ohms | 4mA or SOOV | = +0'1% switch reduces maintenance to a _ mini- 





mum, and both switch and resistors have 
been designed to give a low and stable 
’ resistance. 







* Slight allowance for switch contact resistance variations must be made. 


“zero” 


Write for Publication 1622 


MUIRHEAD & CO. LTD. BECKENHAM - KENT - ENGLAND 
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Will a high slope valve, when placed in the instrument, burst into spurious 
oscillation, thus giving rise to incorrect readings and possible damage 
to the valve ? 

The ‘** AVO ” Valve Characteristic Meter incorporates a 
specially designed panel layout and wiring system (prov. 
patent) which virtually eliminates spurious oscillation. 
Does the instrument contain valves which may need replacing from time 
to time ! 

With the exception of a small protection diode, there are 
no internal valves to deteriorate or break down and 
cause misleading readings to be given. Thus, expensive 
periodical replacements are not required. 

Will the instrument detect grid current and indicate its direction and 
magnitude ? 

The “AVO” Valve Characteristic Meter will indicate the 
direction of flow of grid current and give its magnitude 
in microamps. 

Does the instrument test diodes and rectifiers under load ? The 
The ““AVO” Valve Characteristic Meter checks 
diodes and rectifiers under load conditions. 


The “AVO” Valve Characteristic Meter measures inter- 
electrode insulation in megohms with valve cold or hot, also 
cathode/heater insulation with the valve hot, and indicates 
any breakdown below 10 megohms. It will carry out tests 
on small thyratrons, tuning indicators, etc. It is fitted with 
bases for most valves in current use and adaptors will be 
available to keep the instrument fully up-to-date should new 
bases come into use. A special form of polarised relay is 
incorporated to give protection against inadvertent over- 
loads or valve failure. 


Write for fully descriptive literature 


















VALVE TESTER 


with 

sufficient scope 
for YOUR 
requirements ! 







































When purchasing a Valve Tester 
ask the following questions:— 


Is it a simple Go/No Go instrument, or will it enable you to taxe 
measurements at any point on a characteristic curve ? 


The “* AVO ” Valve Characteristic Meter can be set up 
in a matter of seconds and used as a simple Go/No Go: 
tester if required. It will, in addition, produce sufficient 
information to enable the valve’s static characteristic 
curves to be plotted. 

Does the instrument depend for its operation on pre-determined em- 
pirical data issued by its manufacturer ! 

The ‘** AVO ” Valve Characteristic Meter simulates nor- 
mal working conditions for the valve under test and thus 
is capable of reproducing the valve manufacturer’s data. 
If you are called upon to select a pair of accurately matched valves, will 


the valve tester carry out the required checks, and maintain your reputa- 
tion as an expert ? 


The ““AVO” Valve Characteristic Meter enables the 
slope, and anode, screen, or grid current of a multi- 
electrode valve to be checked with any voltage betweem 
0 and—100V on the control grid. 

Before any information can be obtained about a valve, must the instru- 
ment be provided with a complex series of accessories which may become 
lost, mutilated, or are not available when an unusual or new type of 
valve has to be tested? 


The ‘“*AVO” Valve Characteristic Meter is provided 
with two handbooks. The first gives detailed informa- 
tion on the technique of valve testing, full circuit dia- 
grams and adequate operating instructions. The second 
is a quick reference Data Manual covering more than 
3,000 British, American and Continental valves, and gives 

inter-service equivalents. The Valve Data Manual is 
issued for the convenience of the instrument user, but. 

even without it valves can, if necessary, be checked 
using data taken from the valve maker’s data sheets. 


CHARACTERISTIC 
[eter 
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R. C. OSCILLATOR 
AND AUTOMATIC 
FREQUENCY MONITOR 


FOC0S0OT0O0 


0 
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An instrument of exceptionally high accuracy and stability—the output 


frequency of which is automatically measured and presented in decimal notation 


Range 10c/s to 100kc/s 
Accuracy +0.005% 
Output 0 to 30 volts r.m.s. metered 





Attenuator 0 to 110db in ldb steps (constant 6000) 
The equipment will measure any frequency in the range 10c/s to 
100kc/s and any time in the range 10usec to 10‘sec both to an accuracy within 


+0.005%. It will also count up to a maximum rate of 10° pulses/second. 


CGINEMA-TELEVISIOW LIwMrreD 


ro) 


C0000 0T0O5F05000 


~ 
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ME SEES I ADU NING OED NU CHEE E SE Sete SO 


A Company within the J. Arthur Rank Organisation 


WORSLEY BRIDGE ROAD : LONDON : SE26 


Telephone HiTher Green 4600 


SALES AND F. C. Robinson & Partners L'‘d., Hawnt & Co., Ltd., Atkins, Robertson & Whiteford Ltd., 
SERVICING AGENTS 287 Deansgate, Manchester, 3 89 Moor St. Birmingham, 4 100 Torrisdale Street, Glasgow, S.2. 
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Messrs. SAUNDERS-ROE Ltd., of EAST COWES, 


makers of the famous “Princess” Flying Boat, are using the 
Cossor Model 1035 in their Electronics Department in a wide 
variety of activities, including mechanical testing; hydro- 
dynamic and aerodynamic research ; noise, vibration and stress 
analysis ; and structural research. In addition to development 
investigations, workers in every branch of industry are realising 
the infinite uses of Cossor Oscillographs in the detection and 
analyses of faults and the accurate monitoring of manufac- 
turing processes. 


i 
i 
i 











% In the Cossor Double Beam 
Oscillographs Models 1035 and 1049, 
the two traces are presented on a flat 
screen of 90 mm. dia., and the am- 
plifiers are so calibrated that measure- 
ment of the voltage input as well as 
the time interval between various 
significant portions of the oscillogram 
is made possible. Permanent records 
for subsequent analysis may conveni- 
ently be made by attachment of Cossor 
Camera Model 1428, for which there 
is also a nine-speed Drive Unit 
Model 1431. 


The Technical Advisory Staff of the Cossor Instrument Division is always at ‘your service. 





Please address enquiries 


 MPIA-LONDON 
JUN.30-JULI'S3 


STANDNE 112 
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use COSSOR calves and tubes 


ELECTRONIC 
INSTRUMENTS 
A. C. COSSOR LTD., INSTRUMENT DIVISION (Dept. 2), 
HIGHBURY, LONDON, N.5 


Telephone: CANonbury 1234 (30 lines) 


ELECTRONIC ENGINEERING 






















Miniature 
Switches 
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~~ We have an extensive range of a 
switches for all radio and electronic & 
‘A chip off the old block ”—this equipment. Manufacturers are” in- : 
refers, of course, to the miniature vited to make full use of our 3 
version of the well-known A.B. Technical Service and we will be | 
“H ” Type switch. It combines all the pleased to supply our free illustrated a 
virtues of the Standard “H ” catalogue on request. 3 


Type—yet takes up so much less 
space. Of sound and robust 

design it is capable of operating under 
widely varying conditions. 


% 





Individual specifications welcomed 


Metal Products Ltd 


146 BERKELEY. STREET, LONDON, W.I 
*Phone: GROsvenor 5206/7 
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| A Technical Handbook 


for Electronic Engineers 


This Handbook contains the fullest information about all types of 
Ferranti Valves and Cathode Ray Tubes, giving for each type complete 
data such as physical details, base connections, ratings, operating 
conditions, with graphs, etc., where necessary. 

The whole is a most valuable book of reference to the electronics 
engineer. It is in loose-leaf form, so that new data can readily be 
inserted. 


Price 5/- 


Additional data sheets will be issued to subscribers 
from time to time 








MOSTON e MANCHESTER 10 


London Office: KERN HOUSE 
36 KINGSWAY, W.C.2 








FEISS 
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POTTED IN 


ARALDITE 


— PROOF AGAINST 
CORROSION 




















‘ARALDITE’ is particularly valuable for potting transformers, 
capacitors, motor windings and a wide variety of radio and 
electronic apparatus. It has made “ miniaturisation”™ more 
practicable; enclosing the equipment in a protective cover it 
provides complete insulation and offers good resistance to 
“tracking”. High temperatures, humidity and other exacting 
requirements are not inimical to its use. 





‘ARALDITE’ is a hot-setting ethoxyline resin proved by 
experience to be eminently suitable for large-scale pro- 
duction. Its shrinkage during casting is very low, as no 











water or volatile products are given off during setting. T 
H b 
MADE IN OUR DUXFORD FACTORY— ; c 
DELIVERY FROM STOCK j “ 
3 Ss] 
We shall be glad to send full details of properties, Sy : 
casting t t d curing ti Sy E Cc 
sting temperatures and curing times. S “My : 
po i ae re re a a ee S My, ae C 
SF Giaggh® gilt , 
e ve S the =) Is 4 R A Wy : 
ARALDITE’ /sSeS%e-7 | 
S$ Csi, or ‘ail, py S&S Y 
S an, €s y ah), ; S$ : 
(Regd.) S ror! to teeta sug, § P 
« * ; S as ain * bona; 7 Tyne “te § 
" = , g 17) ‘Ss S$ 
Casting Resin B SF gl, tng tea meet! 
S a e go es > BS : 
S i, “Mer — by sting a E 
BS 0, Sy) S$ Ee 
—a product of é. ae | : 
Shy ; 


AERO RESEARCH LIMITED ’ “" 


A CIBA COMPANY 


DUXFORD CAMBRIDGE ’PHONE: SAWSTON 187 
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A NEW PRECISION THERMOSTAT 
OF LONG TERM ACCURACY 


@ Uses precision plati- 
num resistance bulbs 


® Rapid response 


@ Simple, robust and 
trouble-free 


@ Low cost 























z. The Resistance Bulb is connected in a simple A.C. 
bridge, which is balanced manually by means of a RANGES AVAILABLE 

“ calibrated dial. The dial setting indicates the 
; : —200°C to 0°C 0°C to 200°C 
temperature control point and two signal lamps 0°C to 100°C 100°C to 500°C 


show whether temperature is above or below the 
Any other non-standard range 


between the limits of —200°C 
carried out by unskilled personnel. Standard and +500°C will be quoted for 


Resistance Bulbs are available. Further details of on request. 


control point. Installation is simple and can be 








these can be had on request. 








FIELDEN (ELECTRONICS) LTD 


* 
Fielden. WYTHENSHAWE, 3 ‘ MANCHESTER 
Telephone: WYThenshawe 3251 (4 lines). | Telegrams: HUMIDITY, MANCHESTER. 


: INSTRUMENTATION 








London Office: 21 Buckingham St., W.C.2. Telephone: TRAfalgar 3154. 





There is a FIELDEN INSTRUMENT for most physical measurements 
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OPEN CLAMP CONSTRUCTION 
° ° ° ° TYPES L714 AND L75 
Mica capacitors designed and built to  Ajternative to oil filled tanks 


handle R.F. power are available in a variety _forhandling considerable R.F. 
of housings and sizes. The range includes Power in limited space. 
open clamp construction and stacked mica  porcezary casep rrpx 1716 


types in porcelain or metal tank containers, ange includes ratings up to 
yP P 10 kVA and D.C. Voltages 
up to 10 kV peak. 

The standard range of metal tank " ‘ 
types covers four sizes of cast aluminium #741 Tavx TYPE L73—oil 


containers and is extended with steel and !/ed— for application where 
the R.F. conditions exceed 


non-ferrous tanks. 10 kVA. 





A greatly improved Mark 51 version 
of the HUNT-INGRAM (Mycalex product) type 
of R.F. Capacitor is now available. Full 
details on request. 


The very special nature of these types, 
however, means that to provide for efficiency 
and economy in use, specific designs must 
often be prepared to meet individual needs. 
Hunts specialise in such work and enquiries 
from designers are most welcome. 










REGISTERED TRADE MARK 








CAPACITORS 


THE TRADE MARK OF RELIABILITY 







ESTABLISHED 1/1901 





A. H. HUNT (Capacitors) LTD. WANDSWORTH, LONDON, S.W.18 BATtersea 1083 
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The high permeability, at low 
field strengths, of certain nickel-iron 
alloys makes them ideally suitable for 
electromagnetic screens in communi- 
cation and instrument apparatus. The 
curves shown above indicate the 
relationship of flux density and perme- 
ability to magnetising force for various 
grades of these alloys. These curves 
are taken from our publication, ‘‘ The 
Magnetic Properties of the Nickel-Iron 
Alloys”. Write for a free copy. 


f \ 


THE MOND NICKEL COMPANY LTD : SUNDERLAND HOUSE * CURZON ST 


‘MOND NICKEL 








ia/nils 


* LONDON : WI1 
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* If you have not already done so, 
write for our new 30-page Catalogue 
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BURGESS Micro-Switches certainly do help 
to bring home the bacon _ For both on the 
curing equipment which turns pig into 
bacon, and on the machines that slice the 
streaky into rashers, BURGESS Micro- 
Switches play important roles in the timing 
and gauging operations. 


And back there in the scullery the housewife’s 
new automatic laundering machine is very probably 
equipped with a BURGESS Micro-Switch . . . to 
save her watching the washing. 

Throughout the wide field of modern electrical 
engineering there are no items of apparatus more 
versatile and dependable. 


BURGESS 


MICRO-SWITCHES 
Industries Automatic Choice 


BURGESS PRODUCTS CO. LTD., 
Micro-Switch Division 
Dukes Way, Team Valley, Gateshead 11 


Telephone: Low Fell 75322/3 (7) 
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SERVOMEX 


10 AMP. A.C. STABILISER TYPE A.C.1. 






Rapid correction 


Compact design—on 19” X 8?” panel 


Zero distortion 


Unsurpassed reliability 


Stable against frequency and 


temperature changes 


Taking up no more space than the normal D.C. 
Stabiliser, this unit gives 10 Amps. stabilised A.C. 
By a simple modification, up to 2.3 kVA. can be 
drawn AT ANY VOLTAGE WHATEVER, fully stabilised 
against load and supply variations. 

The circuit, designed to give many years of trouble- 
free service contains no electrolytic capacitors, one 
valve, six transformers. Full data gladly sent on 
request. 





Accuracy: + | per cent 

Limiting speed of correction: 12 volts per second 
Bandwidth: 23 cycles/sec. 

Output current: 0-10 Amps. 

Output voltage: 200-240 volts, continuously variable 
Input voltage: Minus 174 per cent—Plus 64 per cent 
Efficiency: 97 per cent 

Meter reads input/output volts and output current 
Connections from front or rear 

Guaranteed for two years 

Price: Rack Mounting (with dust cover) £99 0 0 
External case, for bench use £3 0 0 





SERVOMEX 


Se e+ 


CONTROLS 
Crowborough Hill, Jarvis Brook, Sussex. Telephone Crowborough | 247 
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The ‘“‘Belling-Lee”’ 


page 
for Engineers 


LIGHT DUTY CARTRIDGE FUSES 


The “Belling-Lee” fuses referred to on this page, represent 
our basic range only. Details of our full range will gladly be 
sent on application. 


L.1055 STANDARD (GLASS—I} in. x } in.) 

“* Belling-Lee ” L.1055 fuses comply with the dimensional requirements of the 
last published edition of B.S. 646(B). This is now out of print and under revision. 
In the meantime, our L.10§5 fuses are being made to meet the modified blowing 
tests recommended by the appropriate R.E.C.M.F. Standardisation panel as 
follows :— 

“The fuse shall blow within 10 seconds on a steady a.c. or d.c. overload 

100 per cent greater than its rated current : this is similar to the B.S. 646(B) 

requirement of blowing within I minute on a 75 per cent overload, but is 

much more practical from the point of view of the user.” 

These general purpose fuses are made in ratings from 60 mA to 25 amps, but 
we do not guarantee that ratings above 7 amps will clear the high prospective 
currents specified for the lower ratings. 


L.338 ‘“‘MAG-NICKEL ”? DELAY FUSE (GLASS—I} in. x } in.) 

This fuse, while conforming to the dimensions and blowing requirements of 
our L.1055, can withstand a surge of 20 to 30 times its rated current, for periods 
not exceeding 1/1ooth sec. without shortening its normal life through embrittle- 
ment. The overall construction, exclusive to the ‘“‘ Belling-Lee” ‘“‘ Mag- 
Nickel ” fuse, gives a greater degree of thermal inertia, the element consisting of 
nickel wire carrying beads of magnesium. This technique is restricted to two 
ratings, 250 and 500 mA, but owing to their surge resisting properties these fuses 
can often be used in circuits where ordinary fuses of up to 3A rating would be 
necessary. 


1.562 MINIATURE FUSE (GLASS—} ir. x in.) 

Originally designed to meet service requirements, the construction and 
capabilities of this miniature fuse, resulted in the introduction of specification 
R.C.L.261.1. 

They are designed to blow within } second on 100 per cent overload, and 
give reliable service in ratings between 50 mA and 7 A. 


L.754 *“*MINIFUSE” (CERAMIC—$ in. x # in.) 


The miniature fuse range is extended downwards with the introduction of the 
“ Minifuse,” the design of which is unique. Only long development enabled 
such a fine “element to be handled in production, and to give reliable service in the 
10, 15 and 25 mA ratings. They are designed to blow within approximately 
I second on 120 per cent overload. 


L.693 H.R.C. (CERAMIC—I} in. x } in.) 
Now under development. 
Manufacturers and Technical Organisations on our mailing 
list will shortly be receiving copies of the “ Belling-Lee #4 


1953 General catalogue, in which full details are given of 
our range of circuit protection devices. 


If you would like to be placed on our list, please write 
quoting P.365/EE. 


BELLING ¢ LEE LTD 


CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX., ENGLAND 
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 SUNVIC 
TIME DELAY 
SWITCHES 


@ Adjustable delays from 15 sec. to 6 min. 
@ Ambient temperature compensation 


@ Accuracy of repeat operation 


@ Rating 5 Amp. ~ 


@ Voltage compensation. 


For Interlocking, Sequence switching, Protection a. 


TAS/sc 284 
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THE Latest | \ | || ()V 


DEVELOPED 


ACTOL is an entirely new and different rosin-cored solder. It is 


nianufactured by an exclusive process to a formula dey eloped after years ol 
research in the Enthoven laboratories. 

The rosin in ACTOL is chlorine-free. It contains no additive which can 
possibly alter the desirable physical and chemical properties of the flux. 


ACTOL’S flux is vitalised in a unique way to give increased wetting 
and spreading power without affecting its other natural properties. 
ACTOL has the ENTHOVEN stellate core with six points of rapid 
solder wall collapse, this has proved to be the most efficient type of soldet 
core for effective release and w etting. 


ACTOL leaves a hard, non-hygroscopic, non-corrosive, residue of 
maximum insulation resistance. 


Sites 





AND MANUFACTURED AT THE ENTHOVEN SOLDER FACTORY 
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Prior to its introduction, extensive tests were carried out on ACTOL for many months in 
the laboratories of telecommunication equipment and electronic instrument manufacturers. These 
tests proved conclusively that ACTOL is vastly superior to any other rosin-cored solder in the 
production of long-lasting, faultless joints. 


ACTOL is indispensable wherever joints are required to give efficient service over long periods 
and where, therefore, increased fluxing action is desired without the possibility of harmful residue. 


ACTOL solves the problems involy ed in the soldering of fine 
t 
wires in telecommunication equipment, in electronic instruments 
and all delicate electrical work. 


ACTOL is particularly suitable for soldering non-ierrous 


metals such as copper, brass and nickel-silver and many eiectro- 
plated surfaces. 


ACTOL is A.1.D. approved. —@ In all standard tin/lead alloys, 
10-22 s.w.g. @ A sample of ACTOL will be gladly sent on request. 
@ Technical advisors are available for free consultation at all times. 





AID TO EFFICIENT SOLDERING 


Marketed by: Enthoven Solders Ltd. Enthoven House, 89, Upper Thames St., London, E.C.4. Tel: MANsion House 4533 
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_ Look at it 
from this angle 


Not only as a fastener but also as an essential in your production — 
planning that will meet with the most exacting requirements of 
es engineers . . . With new amazing accuracy, terrific tough- 

ness, superior tensile s > etek by UNBRAKO service, 
research and development, 1 nelping to fulfil production — 
demands with economy of ty material. and cost. 

Available for immediate delivery. Send for free samples. 

Manufacturers of Unbrako standard socket screws and special screws to A.I.D. requirements. 
Rai omen to oe 


UNBRAKO SOCKET SCREW CO. LTD. 
COVENTRY ENGLAND 
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The Measurement of 
Dynamic Phenomena 


For static phenomena the pointer instrument is 
easily read and is accurate enough, but for dynamic 
conditions where the quantity to be measured 
varies with time, the inertia-less ‘“‘cathode ray’’ or 
electron beam becomes the best pointer. 


The Oscilloscope as a Measuring Instrument 

Just how versatile and accurate a measuring instru- 

ment an oscilloscope can be is illustrated by the 
rformance of the Type 103 Series of Nagard 

onto which, in one or other of their ranges, 

can provide the measuring facilities and accuracies 

given below. 


Type of Measurement Range 
Frequency (cycles per 
second oes sas 


Accuracy 


05to 10 million 2-5% 
Time (micro-seconds) 2 million to 0.1 5-10% 
Volts (A.C. or D.C.) 500V to 100uV 5-1S% 


Both X and Y axes of Nagard Oscilloscopes are 
calibrated and provided with direct acting con- 
tinuously adjustable controls so that a wide range of 
dynamic phenomena, such as phase, stress/strain, 
hysteresis, acceleration, energy content, etc., etc., 
which call for a two-dimensional display to evaluate 
them properly, can be measured. 

At high frequencies, or for signals with extremely 
small energy content, there are special facilities 
designed to make accurate measurement possible. 

Differing from most other oscilloscopes in that the 
measuring facilities are inherent in the design, these 
instruments are stable and ate individually cali- 
brated to rigid standards. 

They are, therefore, justi- 
fiably called Nagard Wide 
Range Calibrated Oscil- 


a Further details 
may be obtained from 
- the manufacturers. 


MODEL L 103 For High Speed Transients 


MODEL A 103 For Pulse Work and Repetitive 
Signals up co 10 Me/s. 


MODEL F 103 For General Work at Frequenc- 
tes up to | Mc/s, High Gain D.C. Y Amplifier, 
Excellent Triggering. 


MODEL G 103 As above but with Slow Speed 
Time Base. 


MODEL H 103 Extra High Gain D.C Y 
Amplifier up to 200 Ke/s. 


NACARI 


ED LTO 
See what you measure ! 
18, Avenue Road, Belmont, Surrey ViGilant 0345 
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New mass production 
techniques will satisfy 
demand for communi- 
cations and industrial 
valves with“Plus qualities 

































HE development of valves capable of with- 

standing severe operating conditions has 
occupied the attention of designers on both sides 
of the Atlantic for some years. Considerable 
progress has been made in strengthening or 
“ruggedising” electrode structures, but the mass 
production of such valves has presented serious 
difficulties. 


There is a growing demand for these valves in 
military and industrial equipment, and the problem 
of producing them economically is, therefore, of 
major importance. 


Mullard are solving the problem by a com- 
pletely new approach to design techniques, manu- 
facturing methods and personnel relations. New 
jigs and tools, new high speed machines, new 
testing apparatus, and new operator training 
systems have been devised. The results of the first 
stage of development are already exceeding 
expectations. In what is probably the most effi- 
cient electronic tube factory in the world, valves 
designed for use under exceptionally rigorous 
conditions are being manufactured by mass pro- 
duction methods. Mullard have designated these 
types “Plus” valves. 





Although urgent defence requirements are absorbing all 
production at the moment, details of the first available 
‘Plus’ valves can be obtained on request. All these types 
are plug-in replacements of corresponding valves of normal 

construction. ea 
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MRE 
Mullard] MULLARD LTD., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 
YA MVTI24 


ELECTRONIC ENGINEERING mat MAY 1953 








Taare 


ASSES eee 


y 
4 


; 


upd 
sa 


po es 











Electronic 


Engineering 





Vol. XXV 


MAY 1953 


No. 303 


Commentary 


OST of us when pressed to defend the scope of 

electronics would be a little vague and would, we 
think, be content to regard it as that branch of electricity 
which deals with thermionic emission. In other words, 
if there is a valve in the circuit, then it is electronics. 

This definition would, however, scarcely satisfy the more 
precise minded scientist and it falls very short from the 
legal point of view. 

The American Standard Definitions of Electrical Terms 
refers to electronics as “that branch of science and tech- 
nology which relates to the conduction of electricity 
through gases or in vacuo”, but these Standards were laid 
down as far back as 1941, and this when judged by the 
rapid development of the science is a long time ago. 

It is an all embracing definition, yet by its very wide 
terms includes some branches of science and engineering, 
such as fluorescent discharge lighting, which are not 
generally accepted as electronics. Equally, of course, 
several new developments such as semi-conductors which 
are likely to have a most profound influence on electronics 
could strictly not be included in this definition. 

We have been, therefore, very interested to see that our 
American contemporary, Radio Electronics, has been 
organizing a contest in an attempt to find a definition of 
the science and has just published what it considers are 
the best attempts. 

The best definition in the opinion of the judges was the 
following : 

“The science that deals with phenomena produced by 
electrons, and techniques for controlling electrons to 
generate, change, combine, program, display, apply or 
transmit energy or information ”. 

Of the remaining entries published we prefer the one 
that won the second prize as approaching the correct 
definition : 

“ Electronics is the science and technology of the transfer 
of information or energy by electron emission, electro- 
magnetic radiation, or devices employing the principle of 
semi-conduction in solids ”. 

However, the judges go on to say, and we agree with 
them, that although some of the entries were excellent, 
the perfect definition is still to be written. 

* * * 


The recent Budget will have brought a sigh of relief to 
most taxpayers in this country, for the Chancellor of the 
Exchequer has, for the first time since the war, introduced 
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a Budget which not only contains no new taxes, but gives 
some relief from the existing ones. Sixpence off the standard 
rate of income tax and a twenty-five per cent reduction in 
purchase tax will be a most welcome lightening of the 
burden as far as the individual taxpayer is concerned. 

The need for this country to increase its production 
capacity and to be competitive in world markets has been 
repeatedly emphasized, but the crushing burden of taxa- 
tion on industry has left little or nothing aside for the 
re-equipping of its factories with modern plant and 
machinery. It is too much to hope, of course, with rearma- 
ment and the costly maintenance of adequate armed forces, 
that there could be any, large-scale reduction of taxation, 
but the present reliefs to industry in the form of allowances 
on capital expenditure for plant, and the removal of the 
excess profits levy should now provide the necessary 
incentive. 

The reduction of purchase tax from 664 to 50 per cent on 
domestic radio and television receivers, will be most helpful 
for these products form a not inconsiderable proportion of 
the output of the British radio and electronic industry. 
The sales of television receivers in the new areas opened 


‘up by Kirk o’Shotts and Wenvoe has been particularly dis- 


appointing in spite of the stimulus provided by the Corona- 
tion and there is some evidence that there are a large 
number of receivers out of action due to the high cost of 
the replacement of worn-out valves and cathode-ray tubes. 


* * * 


During the middle of April two exhibitions of great 
importance to electronic engineers took place in London. 
These were the Radio and Electronic Component Manu- 
facturers Federation’s Exhibition at Grosvenor House and 
the Physical Society’s Exhibition at Imperial College. Some 
of the exhibits at the former were described in our last 
month’s issue, while the latter exhibition is dealt with 
elsewhere in this issue. 

The holding of these two exhibitions at the same time 
is somewhat of a mixed blessing. For the visitor from over- 
seas or the provinces it is obviously an advantage, since 
both can be seen during the same visit to London. On 
the other hand, it is impossible to do justice to both exhibi- 
tions in one day and there are many senior engineers and 
executives who must find it extremely inconvenient, if not 
impossible, to vacate their offices or laboratories on two 
days in the one week. 
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Developments in Frequency Synthesis' 


By H. J. Finden*, M.LE.E. 


A method of generating frequency by synthesis of selected harmonics derived from a frequency 
standard is described. From a study of the products produced in a mixer system it is shown how 
to choose harmonics whereby near coincident frequencies to the required product are not present 
in the output. In this way it is possible to design filters to attenuate unwanted products to negligible 
amplitude. Details are given of a practical example whereby any one of a possible 100000 
frequencies is available between Ikc/s and 100Mc/s, controlled in accuracy by a single frequency 
standard. The use of a Ilkc/s range free oscillator instead of harmonics in the synthesis process 

permits a continuous frequency coverage to be generated. 


OF pay teenage involving frequency fall into three 
main groups. Firstly, there is calibration, and a typical 
example is the calibration of a wavemeter where scale 
readings are obtained for various frequencies. Secondly, 
the measurement of a frequency source may be required 
where the source may be remote 
and is almost certainly not an 
integral number, and finally 
measurements involving a known 
frequency source for the deter- 
mination of the frequency 
characteristic of passive net- 
works. 

Frequency standards of very 
high precision have been avail- 
able for a considerable time. 
When, however, an appreciable 
frequency spectrum is to be 
explored, existing methods are 
not generally satisfactory. Of 
the three groups of measure- 
ments, that of calibration is the 
easiest to make, and in the 
hands of a skilled observer a 
frequency standard controlling 
a harmonic series can be satis- 
factory. Nevertheless, in the war 
period it was obvious that new 
techniques were necessary, and 
in 1942 an equipment known as 
a frequency synthesizer was 
developed and described in a 
paper’ presented at the Institu- 
tion of Electrical Engineers in 
1943. It was shown that in 
order to avoid ambiguity in the 
measurement it is desirable to 
produce a frequency of known 
value and close to the unknown 
under test. Moreover, the fre- 
quency produced should be 
locked to a frequency standard, 
and should be substantially 
a sine wave. 

Prior to the synthesizer approach, decades of frequency 
had been established to use an analysis method of measur- 
ing frequency. It was found that from harmonic series 
derived from multiplier and divider chains controlled from 
a frequency standard it was fairly easy to produce decades 
of frequencies of units, tens, hundreds and thousands of 
kc/s. Hence as substantially pure frequencies in nomi- 
nated decades were available any unknown frequencies 


The complete 
synthesizer 





t Based on a paper read at the Conference on High Frequency Measurements, 
Washington, D.C., January 1953. 
*. The Plessey Co. Ltd. 
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could be readily broken down until it could be determined 
by reference to a narrow range oscillator covering a 1kc/s 
range. Unfortunately there is a definite limit to the number 
of mixing stages which can be employed in the analysis 
process, as some distortion is produced in each mixing 
stage. Thus when the signal is 
reduced to lay between zero and 
lkc/s it may have appreciable 
harmonic content. Nevertheless 
the method works quite well up 
to three stages of mixing. 

Because there is a real need for 
a frequency source the opposite 
approach, i.e. that of synthesis, 
was explored. Thus the decades 
of frequency established were 
used to build up the frequency. 
From a combination of units 
and tens, simple selector circuits 
were used to enable any single 
frequency between 10 and 
99kc/s in lkc/s steps to be 
obtained substantially free of 
adjacent frequencies. The degree 
of purity of the output signal 
depends on the efficiency of the 
selector circuits and the presence 
of near coincident frequencies 
produced in the mixer system. 
By adopting the methods out- 
lined, it is possible to generate 
an output with a maximum 
sideband component of 1 per 
cent amplitude for any one of a 
possible ten thousand fre- 
quencies in the spectrum 1kc/s 
to 10Mc/s. In this way the prin- 
ciple cause of ambiguity pro- 
duced in measuring a frequency 
from a harmonic series is 
eliminated. Another common 
cause of uncertainty is due to 
incorrect frequency division 
within the equipment, but this possibility is also 
rejected as the highly selective circuits give no out- 
put for incorrect order of frequency divisions. More- 
over, as the equipment can be set within Ikc/s of any 
frequency up to 10Mc/s it is only necessary to provide a 
means of interpolation over a ikc/s range in order to 
determine any frequency in the spectrum. 

Apart from simplifying the technique of frequency 
calibration and measurement, a locked frequency generator 
is provided by the equipment, thus justifying the complexity 
of the apparatus. During the past few years extensive 
user experience has shown that there is a real need for a 
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larger frequency coverage, and it is 740kc/s 1480kc/s 2220kc/s 2960kc/s 

now proposed to describe the fa-30db 2f,-30db 3f,-33db 4f,-58db 

development of a frequency synthe- 

sizer to cover the spectrum l1kc/s to 100kc/s 640kc/s- Odb | 1380kc/s-37db | 2120kc/s-49db | 2860kc/s-68db 

100Mc/s capable of generating any fi- 8db 840kc/s—- Odb | 1580kc/s-37db | 2320kc/s-49db | 3060kc/s-68db 

ait pF cree with ragem 200kc/s 540kc/s-38db | 1280kc/s-46db | 2020kc/s-69db | 2760kc/s-72db 

per cent. pore 300kc/s 440kc/s-65db | 1180kc/s-66db | 1920kc/s-73db | 2660kc/s-78db 
In order to generate individual 3f,-42db | 1040kc/s-63db | 1780kc/s-68db | 2520kc/s-72db | 3260kc/s~79db 

steps of frequency at a spacing 

which may be a small sub-multiple 400kc/s 340kc/s-S8db | 1080kc/s-70db | 1820kc/s-77db | 2560kc/s-78db 

of a frequency standard, some 4 f,-57db 1140kc/s—60db 1880kc/s-72db | 2620kc/s-77db | 3360kc/s—78db 

method of mixing frequencies must 

be adopted. Unfortunately the mix- 500kc/s _ _ - _ 

ing process produces many products Sfi-71db sale on rae on 























other. than the major sum or 

difference ones. Hence with an unsuitable choice of input 
frequencies one or more of these products may be nearly 
coincident to the wanted one. For this reason it was decided 
to undertake an investigation into the strengths of the 
various products produced in mixer systems. 

Linear multiplication mixing appears to be the most 
profitable system to explore since we shall probably need 
several tuned circuits to select the wanted product and 
hence actual mixing efficiency (which is higher in other 
systems) is not the main consideration. If in an ideal 
linear multiplication system we apply signals of f, and f, 
to the g, and g, electrodes of a heptode valve, it can be 
shown that the current in the output consists of f,, f,, 
(f. + f,) and (f, — f,). The original terms f, and f, can 


; ——OHI+ 
z 8 Output 


“—_> 






































Fig. 1. Balanced linear multiplication system 


- ee by using a balanced system as shown in 
ig. 1. 

In practice a linear system cannot be realized due to 
some curvature of the valve characteristic. To ascertain 
what resultant signals are produced in such a system a large 
number of readings were taken for varying levels of 
f, and f, on a balanced mixer fed with f, of 740kc/s and 
f, of 100kc/s, frequency values chosen as being non- 
harmonically related to ease the identification of the 
various products produced. Measurements were made by 
means of a heterodyne selective voltmeter, which permitted 
reliable readings up to —80db in relation to a 100mV 
sum or difference product, Table 1 shows values for 
minimum strengths of all products other than the first 
sum and difference ones. Examination of this table shows 
that in order to obtain a resultant output of f, + f, with 
any other product attenuated by at least 70db, it is neces- 
sary to consider fourth order harmonics of both input 
frequencies. The system was balanced most accurately for 
f, and in the simple method adopted gave —30db and 
~—10db for f, over long periods after an initial ageing time. 

In an ideal equipment it is desirable that the only process 
required for obtaining a given frequency should be the 
setting of the required digits on the appropriate dials. It is 
necessary, therefore, to decide how the filtering of un- 
wanted products in the output stage can best be accom- 
plished. In the following treatment every frequency in the 
output of a mixer is considered even though it is coincident 
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with the wanted one. This is essential because the unit 
lkc/s steps used in the synthesis process may be replaced 
by a narrow range continuously variable oscillator to give 
a continuous frequency coverage and hence impossible 
filtering conditions would obtain for the very near 
coincident signals. é 

Examination of Table 1 shows that there are eight 
harmonics and thirty-two products to be considered, and 
if we make (f, — f,) the wanted product and f, > f,, then 
the following statements can be made: 

(a) f, will never be equal to f,. 

(b) The sign of the difference must be disregarded. 

(c) Although f, > f, this does not imply that 2f, > 3f, 

or that 3f, > 4f, etc. 

(d) All the sum frequencies (mf, + nf,) where m or n 
are 1, 2, 3 or 4 must be higher than /, and providing 
we can design filters to give the necessary dis- 
criminations between (f,—f,) and f,, then there are 
sixteen products in Table 1 which need not be con- 
sidered. Similarly we can ignore f,, 2f., 3f, and 4f,. 

(e) The second, third and fourth harmonics (f,—f,) can 
be eliminated by elementary filter design. 

Table 1 can now be rewritten for the remaining seven- 
teen products as shown in Table 2. The six products to 
the right of the diagonal are all higher than f, and can 
be ignored, leaving ten unwanted products to be considered. 





























TABLE 2 
fi Sch Wits Sct | Wh 
2. | fh | | ah | Veh 
3h; fe-5f; 2fe-3fi | Meh, 
4h, fA, 2fi-A4f ae ee 








Equating each of these products separately to the wanted 
one gives a relationship between f, and f,, which must be 
avoided if the unwanted frequency is not to coincide with 
the wanted one. 


If f, =f, —f, then Uf, = fy. ncccsess (1) 
2f,=Se — f, then 3f, = PONS i cieriahe (2) 

3f, = f, —f, then 4f, = fe..s.ssuee (3) 

4f =f, —f, then 5f, = fa.....005- (4) 

fr -Y, =f, -f, then | eat, MEER EL (5) 
: ae 2=S, —f, then 3f, = 2f, Pecwhucws (6) 
fr —3f=f, -—f, then f,=0......... 7) 
‘7 -=f, —f, then 4f, = 2f, el i re (8) 
f,-4h=f,—f, then f,=90 ......... (9) 
4f.— fi=f, —f, then 5f, = 2f,......... (10) 
2f, — 3f, =f, —f, then 2f, = fy..... 200s (11) 
3f, — 2f, =f, —f, then 4f, = 3f,......... (12) 
2f, -—4fi=h By ot ae (13) 
4f, —2f,=f, —f, then 5f, = 3ft......... (14) 
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f, — 4f, =f, —f, then 3f, = 2fy......... (15) 
7 ae aa hy pon Ae (3 SS ans (16) 


Equations (1) to (16) inclusive can be expressed as forbidden 
ratios of f,/f, — f, as follows :— 


5/4, 4/3, 3/2, 5/3, 2, 5/2, 3, 4 and 5. 


In the synthesis of any frequency spectrum such as 
10 to 99, 100 to 999, etc., the choice of the value of f, 
is limited by harmonic selection of frequencies derived 
from the divider and multiplier chains controlled from the 
frequency standard. To meet the ideal conditions specified, 
static filters must be used to accept the wanted signal 
(f2—f,). Although low-pass filters are easier to construct 
than band-pass sections, it is obvious that the low-pass 
wanted spectrum must be less than an octave. Band-pass 
filters are probably best treated on an approximately 
logarithmic basis of about 1-1/1. If we consider a spectrum 
of 10 to 99 units examination of Table 3 shows three low- 
pass bands of 1-6/1 where the lowest possible values of 
f, are seen by inspection to be 90, 130 and 210, i.e. the 
9%, 13" and 21** harmonics of ten. 

In the original work published on the frequency synthe- 
sizer’ it was shown that the tenth harmonic of a series 
could be selected by two ‘tuned circuits to give at least 
60db attenuation of adjacent harmonics. However, bands 
of 10 to 16 and 16 to 25 can be covered with two low-pass 
filters, providing we can obtain the 13% harmonic with at 
least 70db attenuation of the 12 and 14" harmonics. It 
should be noted, however, that the values of f, are not 
low order harmonic multiples of the units harmonic series, 
and steps must be taken to produce these frequencies; this 
will be considered later. 

Band-pass ratios of approximately 1-1/1 are shown in 
Table 4 for frequency spectrums of 25 to 29, 29 to 34, 
34 to 37, 37 to 41, 41 to 45, 45 to 50, 50 to 55, 55 to 60, 
60 to 66 and 66 to 73. As (f,—f,) is expressed as a ratio 
it may be necessary to check by substitution that the value 
of f, chosen is suitable. No solutions are given for the 
top two spectrums assuming the 13 harmonic of ten is 
the highest practical value. However, the spectrum 25 to 50 
can be covered by six band-pass sections. 

In a similar manner we can consider the case where 

































































TABLE 3 
Sich: 
FILTER A FILTER B 
10 - 16 16 — 25 25 - 40 
5/4 12 - 20 20 — 31-33] 31-33- 50 
4/3 13-33- 21-33 | 21-33- 33-33; 33-33- 53-33 
3/2 15 - 24 24 - 375 37-5— 60 
5/3 16°67— 26°67 | 26°67- 41°67| 41-67- 66°67 
, 2 20 - 32 32 - 50 50 - 80 
: 5/2 25 - 40 40 - 62°5 62-5-100 
fich: 
3 30 - 48 48 - 75 75 -120 
4 40-64 | 64 -100 100 -160 
5 50 - 80 80 -125 125 -200 
Lowest 90 130 210 
possible value (9 x 10) (13 x 10) (21 x 10) 
of f, 
Chosen value 110 130 —_ 
of f, 
Values of f, 100-94 114-105 — 











TABLE 4 
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f,>f. and (f,—f,) is the wanted product. The forbidden 
ratios of f./(f,—f,) turn out to be 1/4, 1/3, 1/2 2/3, 3/2, 
2, 3 and 4. If the spectrum is again divided into 1-1/1 
ratio sections it is found that where solutions are given that 
f,>76 hence there is a disadvantage in making f,>f,. 

It is now necessary to consider how f, can be produced 
for the solutions given in Tables 3 and 4. Values of f, of 
55 to 114 are necessary and it is because of this that we 
cannot produce an equipment to generate from static 
selection only. However, the necessary frequencies can be 
produced in an initial mixing stage by using a combination 
of 5, 6, 7, 8 or 9 with 50, 60, 70, 80, 90, 100 or 120. This 
is most easily achieved by using the sum product of the 
unit and tens digits fed to a mixer when the second or 
units digit is 5 or more and the difference product where 
the second digit is 4 or less. Thus to produce 79 we would 
select 70 + 9, but to produce 71, 80—9 would be selected. 
It is important to note that where a continuously variable 
spectrum is required it is essential to have a manually 
operated selector circuit to give the necessary discrimina- 
tion against the 2"4, 3™ and 4 order harmonic when the 
continuously variable input frequency covers 5 to 10 units. 
Thus a complete spectrum of 10 to 99 units requires two 
mixing stages. The first mixer is used in all cases, but when 
the desired frequency is less than 50 a second mixing 
stage is employed. 

Table 5 shows the input frequencies required for the 
two mixers used in a typical section of the complete 
spectrum of 10 to 99. It will be seen that f, has been con- 
sidered as being continuously variable from 5 to 10 and 
expressed as four significant figures, hence if these units 
are kc/s, frequencies are expressed to the nearest Ic/s. It 





is necessary to have five calibrations for the manual 
selector scales if they are to be direct reading in terms of 
the final output frequency. 

Fig. 2 shows a block diagram of the method used to 
synthesize a frequency of 3lkc/s. Signals f, of 70kc/s, and 
f, of 9kc/s, are fed to mixer 1 with the manual selector 
tuned to the sum product of 79kc/s designated 31kc/s on 
Y,, calibration. An output f, of 110kc/s and f, of 79kc/s 
derived from mixer 1 are fed to mixer 2 when the band- 
pass D,, filter will accept the difference product of 31kc/s. 

To synthesize a three-digit spectrum of 100 to 999kc/s, 
we can use a frequency representing the least two signifi- 
cant figures generated as described above. Thus to produce 
293kc/s the 93kc/s representing the least two digits is 
obtained by feeding signals f, of 100kc/s and f, of 7kc/s 
to mixer 1 and manually tuning the selector for the 
difference product of 93kc/s. As this two-digit synthesized 
frequency is more than 50kc/s, the output is then routed 
to mixer 3 where it is mixed with a signal f, of 900kc/s. 
The second manual selector is tuned to accept the difference 
product 807kc/s designated 293kc/s on Y,,, scale calibra- 
tion. The 807kc/s signal is then fed to mixer 4 in con- 
junction with a signal f, of 1 100kc/s when the band-pass 
filter D,), will accept the difference product of 293kc/s, 
i.e. the required frequency. The above sequence of 
operations is shown in Fig. 3. 

Fig. 4 (page 183) shows a block diagram of a frequency 
synthesizer which has been produced on the principles out- 
lined. The output is manually variable in amplitude over a 
ratio of more than 10/1 to give a maximum of 10mW for 
all frequencies up to 10Mc/s and of 1mW for frequencies 
between 10Mc/s and 100Mc/s. Fixed level outputs at 


TABLE 5 Two Digit Synthesis 


























FREQUENCY IsT MIXER MANUAL 2ND MIXER OUTPUT FILTER 
SPECTRUM Se ts SELECTOR Sa fi 
10 to 14-999 90 + (10 to 5-001) 100 to 95-001 110 — (100 to 95-001) LOW-PASS FILTER 
Cal. Y A 
10 to 14-999 
15 to 15-999 100 — ( 5 to 5-999) 95 to 94-001 110 —( 95 to 94-001) LOW-PASS FILTER 
Cal. Y A 
15 to 15-999 
16 to 19-999 120 — ( 6 to 9-999) 114 to — 130 — (114 to 110-001) LOW-PASS FILTER 
Cal. Z B 
16 to 19-999 
20 to 24-999 100 + (10 to 5-001) 110 ae 130 — (110 to 105-001) LOW-PASS FILTER 
4 B 
20 to 24-999 
25 to 28-999 100 — ( 5 to 8-999) 95 to 91-001 120 —( 95 to 91-001) BAND-PASS FILTER 
Cal. V c 
25 to 28-999 
29 to 29-999 90 — ( 9 to 9-999) 81 to 80-001 110 — ( 81 to 80-001) BAND-PASS FILTER 
Cal. Y D 
29 to 29-999 
30 to 33-999 70 + (10 to 6-001) 80 to 76-001 110 — ( 80 to 76-001) BAND-PASS FILTER 
Cal. Y D 
30 to 33-999 
34 to 34-999 90 + ( 6 to 5-001) 96 to 95-001 130 — (96 to 95-001) BAND-PASS FILTER 
Cal. Z E 
34 to 34.999 
35 to 36-999 100 — ( 5 to 6-999) 95 2 , 93-001 130 — (95 to 93-001) BAND-PASS FILTER 
4 E 
35 to 36:999 
37 to 39-999 100 — (7 to 9-999) 93 to 90-001 130 — ( 93 to 90-001) BAND-PASS FILTER 
Cal. Z F 
37 to 39-999 
40 to 40-999 80 + (10 to 9-001) 90 3 ; 89-001 130 — (90 to 89-001) BAND-PASS FILTER 
ae F 
40 to 40-999 
41 to 44-999 50 + (9 to 5-001) 59 to 55-001 100 — ( 59 to 55-001) BAND-PASS FILTER 
Cal. W. G 
41 to 44-999 
45 to 49-999 70 — ( 5 to 9-999) 65 a + ns 110—( 65 to 60-001) BAND-PASS FILTER 
A H 
45 to 49-999 
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10mW are available for 100c/s, 1kc/s, 10kc/s, 100kc/s, 
1 000kc/s and 10Mc/s, and at ImW for 100Mc/s with the 
output referred to 75 ohms in all cases. 

From a 100kc/s G.T. cut crystal controlled frequency 
standard, thermostatically controlled at 60°C, harmonic 
series are derived at 100kc/s fundamental, by division at 
10kc/s and 1k¢/s fundamentals, and by multiplication at 
1 000kc/s and 10Mc/s fundamental frequencies. Alterna- 
tively the internal frequency standard can be replaced by 
an external standard to control the same harmonic series. 
Because further expansion of the frequency range of the 
equipment was envisaged, considerable care has been taken 
in the frequency division and multiplication process to 
reduce jitter. 100kc/s pulse amplifiers are used for deriving 
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Fig. 2. Method used to synthesize 3ikc/s 
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Fig. 3. Synthesis of three-digit spectrum 
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the 100kc/s harmonics and for locking the 10kc/s multi- 
vibrator. By means of well stabilized power supplies and 
very short rise times of the locking signals, the phase 
stability in the output frequency is better than 1 part in 10°. 
Four pairs of three-stage selector circuits are employed to 
select the 5, 6, 7%, 8, 9**, 10 and 12‘" harmonics and 
the 10%, 11%, 12" and 13" harmonics of tens, hundreds, 
thousands and ten thousands. The 1* to the 10“ harmonics 
inclusive of the units are selected in a further three-stage 
selector. Thus a total of 54 harmonics are available locked 
by the frequency standard. 

A manual digit dial control comprising five sets of multi- 
way bank switches is employed to control the selection of 
the desired harmonics employed in the synthesis process. 
The control is by means of a 24V pb.c. potential applied to 
a series of motor driven switches which drive the selector 
switches through Geneva mechanisms. Fig. 5 shows one 
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of these three-stage selectors. The digit control switches 
also select one of five calibrations on the various manual 
S.P.F. continuously variable selectors, select one of eight 
static filters in each of four stages following the second 
mixing of each synthesis process and route the output 
through the correct mixing stages and finally to the output 
socket. In this way the complexity of the operations is 
reduced to the setting of the frequency required on the 
manual digits dials and the tuning of one, two, three or 
four s.P.F. manual selectors for two, three, four or five 
figure frequencies respectively—a perfectly logical opera- 
tion. Resonance indicators are provided at each mixer stage 
involving manual tuning and a fixed output meter is cali- 
brated at 10mW F-.s.D. 


In order to obtain a continuous frequency coverage the 
5-10 unit harmonics can be replaced by a narrow range 
oscillator covering a 1kc/s continuous range. An oscillator 
whose frequency can be varied between 91kc/s and 90kc/s 
is adjusted for maximum frequency stability. The tuned 
circuit is placed in a resistance bridge stabilized oven con- 
trolled at 60°C. The overall short period stability is +0°1c/s 
and +l1c/s for long term period stability. This oscillator 
is mixed with 96, 97, 98, 99 and 100kc/s, and the difference 
products of 5 to 6kc/s and 6 to 7kc/s are passed by a low- 





Fig. 5. Geneva operated selector switch 


pass filter P and of 7 to 8kc/s, 8 to 9kc/s and 9 to 10kc/s 
by the low-pass filter @. The frequencies 96, 97, 98, 99 and 
100kc/s are derived from a 3-stage selector which passes 
the sum products of 90 + 6, 7, 8, 9 and 10 respectively. It 
is possible to use the unit’s harmonics for this number 
which have already been selected since they will not be 
required in the synthesis of the required output. Although 
all the kc/s steps in the complete spectrum are controlled 
by the frequency standard, the resultant output when 
derived from a free running oscillator has an additional 
inaccuracy of the short period stability of the oscillator. 
Correction for long-term drift from calibration can be 
made by reference to a built-in dekatron cold-cathode 
counter. To economize in the number of valves used in this 
checking process, only the least two significant figures are 
counted over a 1 second and 10 second period to determine 
the nearest 1c/s and 0-Isec respectively. The frequency 
range used in this connexion is 1-2kc/s, obtained by deriv- 
ing 92kc/s in a mixing stage fed by 100kc/s and 8kc/s and 
mixing in a further stage. 

To enable the complete equipment to be used as a 
frequency measuring device a mixer No. 11 is provided, 
and in conjunction with a low frequency amplifier resultant 
beats between the synthesizer output and the unknown can 
be adjusted to be seen visibly on an indicator tube or heard 
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usual double beat measuring technique method. 

Among the many features in the use of the equipment is 
the ability to check to at least 1 part in 10° accuracy within 
1 second. For instance several of the BBC transmissions 
are of at least this accuracy in the medium waveband and 
by feeding a signal from the synthesizer set 1kc/s low of 
the transmission to which the receiver is tuned an instan- 
taneous check can be carried out. 
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In conclusion, the author wishes to acknowledge permis- 
sion of the Directors of the Plessey Co. Ltd., and the 
Ministry of Supply, to publish this work, which is the result 
of a development contract carried out for Telecommunica- 
tions Research Establishment: 


REFERENCE 
roa H. J., The Frequency Synthesizer, J. Instn. Elect. Engrs. 90, Pt. 3, 165 





ELECTRONIC ENGINEERING 





A Television Waveform Display Apparatus 


(Part 1) 


By G. N. Patchett*, Ph.D., B.Sc., A.M.LE.E., M.I.R.E., A.M.Brit., I.R.E. 


It is well known that it is difficult to see any detail of the frame synchronizing period of a 
television signal on a normal cathode-ray oscilloscope. The present apparatus is designed to select 
any number of lines from two upwards so that detail of the frame synchronizing period or any 
other portion of the waveform may be examined easily. The apparatus is self-contained and may 
be synchronized to the 50c/s supply or suitable frame synchronizing pulses. A number of results 
showing the waveform of various lines in a picture are given, together with the picture showing 

the particular lines. 


pence are many cases, both in television servicing and 
research, where it is desirable to examine the waveform 
of a television signal as it passes through a section of a 
television receiver, particularly in the synchronizing 
separator circuits. The normal television signal consists 
of a picture signal portion and a synchronizing signal 
portion, and the latter may be divided into line and frame 
synchronizing signals. The line pulses are at a frequency 
of 10125c/s and may be viewed on a cathode-ray oscillo- 
scope with the time-base operating at 10125c/s, or a 
sub-multiple of this freauency. This does not result in a 
clear waveform (except in the case of very simple test 
patterns) since all the different lines are superimposed on 
each other. A typical result obtained on a normal picture 
(with a 1/5“ second exposure and the time-base running 





Fig. 1. Oscillograms taken on normal oscilloscope of typical television wave- 
forms. All negative picture signal, positive synchronizing pulses 

(a) Time-base frequency 3375c/s (4 line frequency). 

(b) Time-base frequency 25c/s (picture frequency). 

(c) Time-base frequency  50c/s (frame frequency). 

(d) Time-base frequency 25c/s expanded about nine times. 


at 3 375c/s) is shown in Fig. 1(a). This shows the pulses 
clearly, but the vision portion is blurred, due to the super- 
imposition of the different lines. In this oscillogram the 
signal is a negative picture signal. 

When we come to try and view the frame synchronizing 
signal greater difficulties are encountered. Although the 
frame frequency of a television set is 50c/s, odd and even 
frames are different and, therefore, the picture only repeats 
25 times a second. In order to obtain a clear single trace 
the time-base must be run at 25c/s (or a sub-multiple of 
this frequency). The frame pulses only occupy four lines 
(in a BBC transmission) and since a whole “ picture” (i.e. 
two frames) is viewed, the frame synchronizing signals only 
occupy a small section (1 per cent of the complete wave- 
form and no detail can be seen with a normal cathode- 
ray oscilloscope. A typical result on a BBC transmission 
is shown in Fig. 1(b) which is taken with the time-base 
running at 25c/s. The frame synchronizing periods have 
been marked, but are only just visible. A slight improve- 
ment is obtained if the time-base is run at 50c/s, but then 
the odd and even frame waveforms are superimposed 








* Bradford Technical College. 
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and cause some confusion. A typical result is shown in 
Fig. 1(c). An improvement is possible if the trace can be 
expanded to 5 or 10 times the screen diameter, but this 
feature is normally only incorporated in expensive oscil- 
loscopes. A typical result obtained, using a pattern 
generator, on a 25c/s time-base, expanded about 9 times 
is shown in Fig. 1(d) and some detail is now visible. In this 
case some means is often required to alter the phase of 
the synchronizing signal fed to the oscilloscope or the 
desired portion of the waveform is not visible, it being 
expanded off the screen. Although this is an improvement, 
since the frame synchronizing signals only occupy four 
lines, the frame pulses only occupy (when the waveform 


is expanded five times) oie. approximately 5 per cent 


of the screen trace, and are difficult to see unless the 
oscilloscope has a very fine trace. 

For many purposes it is essential to be able to view 
one line, or a few particular lines, of a picture in detail. 
The most important lines are probably those lines corre- 
sponding to the frame synchronizing period. On some 
oscilloscopes fitted with a triggered time-base it is possible 
to “fire” the time-base from the frame synchronizing 
pulse and so see some of the lines associated with the pulse. 
It is not possible to see the whole of the frame synchroniz- 
ing period in this way since the flyback of the time-base 
is normally triggered and, therefore, a portion of the pulse 
is lost in the flyback. 


General Requirements 


Before dealing with an actual apparatus for viewing a 
few lines the requirements of such a device will be briefly 
considered. On a television set the frame frequency is, of 
course, 50c/s, but it must be remembered that alternate 
frames are different (being termed odd and even frames) 
so that an interlaced picture is built up. This means that 
the television signal only repeats 25 times per second. 
Hence any apparatus for selecting a line (or a few lines) 
for viewing must operate with a fundamental frequency 
of 25c/s. If a line is selected every 1/50 second then two 
lines become superimposed (and displaced half a line rela- 
tive to each other) and, although this may be of use in 
certain applications, it is not usually desirable. Suppose 
that we wish to view one line. It is necessary for the 
time-base to traverse the screen in the time of one line 
1/10 125% second) and remain at one or other side of 
the screen until the same line occurs again, 1/25 second 
later, or after the passage of 404 lines. Since the stationary 
spot at either end would cause burning of the screen and 
the flyback of the spot (which may be longer than the 
scan) would confuse the trace, it is necessary to black out 
the spot except during the actual scan or period of the 
line. Since it is desirable to be able to select any line it is 
necessary to be able to shift the phase of the scan relative 
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to the picture signal throughout the whole picture time or 
360°. In order to do this the time-base must be of a special 
type, which can be triggered by a 25c/s pulse, and, at the 
same time a pulse must be generated to brighten the spot 
on the cathode-ray tube. In order to be able to view more 
than one line the speed of the time-base and the width of 
the brightening pulse must be variable. 

The difficulties of obtaining the above depend on whether 
the television waveform being viewed is synchronized, 
reasonably rigidly, to the 50c/s mains or not. If it is, the 
mains may be used as the source of the 25c/s triggering 
pulse (by frequency dividing). If the signal is not syn- 
chronized then the source of the 25c/s triggering pulse 
must be the frame synchronizing pulses or the frame time- 
base of a television set. When the mains is used it is com- 
paratively easy to shift the phase before frequency dividing 
and forming a pulse. When a 50c/s pulse is the source 
it is not as easy to obtain the required phase shift. 

When the signal from a pattern generator is being viewed 
it is usually satisfactory to obtain the triggering pulse from 
the mains, since the pattern generator can usually be locked 
to the mains and the lock is fairly rigid. In the case of 
the BBC transmissions, although the signal is normally 
synchronized to the mains the lock is not rigid (being slow 
acting) and there is a variable phase shift in the supply 
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Fig. 2. Block diagram of one type of waveform display apparatus fed with 
with a 50c/s sine wave voltage 
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Fig. 3. Block diagram of a a. display apparatus operated by 50c/s 
pulses 
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between the source of transmission and the receiving point 
(particularly when situated far from London). The result 
is that the waveform viewed on a display apparatus 
synchronized to the mains, drifts slowly backwards and 
forwards. Although the lines can be viewed, it becomes 
a nuisance as, particularly when only one, or a few lines 
are being viewed, continual adjustment is required to keep 
the same line or lines on the screen. 


Principles of Operation 

There are various ways in which a waveform display 
apparatus may be constructed and some of these will be 
briefly described. Fig. 2 shows an arrangement using the 
50c/s supply as the source of the pulses. The 50c/s supply 
is first fed through a phase shifter. This may consist of a 
resistance-capacitance bridge network but, since a single 
network gives a maximum phase shift of rather less than 
180°, three such networks are required (usually separated 
by valves) with a three gang variable resistor. A simpler 
arrangement is the use of a phase shifting transformer or 
a magslip connected as described by the author’, where a 
continuous phase shift (with the actual angle indicated by 
a pointer) over any number of degrees is possible. Altera- 
tion of the phase shifter alters the phase of the triggering 
pulse relative to the signal and so enables any line (or lines) 
to be selected. 

The output from the phase shifter is fed to a frequency 
divider where the 50c/s is converted to 25c/s. Since most 
frequency dividers require a pulse input, the sine wave 
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output of the phase shifter must first be converted to a 
pulse. The frequency divider may take several forms such 
as a synchronized multivibrator, synchronized time-base 
or the blocking oscillator type described later. The 25c/s 
output from the frequency divider is now used to trigger 
= special time-base, one type of which will be described 
ater. 

Where the synchronizing source is a 50c/s_ pulse 
(obtained from say the frame time-base of a television set) 
the same method may be used by integrating the pulses 
so as to obtain a sine wave. This is arranged to feed a 
power amplifier which, in turn, feeds the phase shifter and 
the remainder of the circuit shown in Fig. 2. This arrange- 
ment has been described by Sturley?. The alternative to 
converting the pulse into a sine wave is to keep it as a 
pulse, frequency divide it and then feed the resulting 25c/s 
pulse into a pulse phase shifter (or delay circuit) as shown 
in Fig. 3. This method is used in the apparatus to be 
described later and has been used by other authors. The 
phase shifter or delay circuit is not easy to design if 
“dither” is to be eliminated and a large phase change is 
to be obtained. One method of reducing the “ dither” is to 
trigger the time-base from line pulses and this is used in 
the Television Line Selector or Analyser* made by Messrs 
Murphy Radio Ltd. This unit will only show one line since 
the time-base is run at line frequency. 

Davies‘ uses a delay circuit in which the termination of 
the delay is precisely at line intervals by injecting line 





Fig. 4. Oscillogram obtained using 50c/s scan and 25c/s square wave to 
separate the two frame waveforms. Positive picture signal from pattern 
generator 


pulses into the delay circuit. This greatly reduces the 
‘‘ dither ” due to variations in the delay time of this circuit. 
Fisher® and Green* both use circuits where the triggered 
time-base (or brightening pulse in the case of Green) is 
triggered by line pulses. One line pulse is selected by a 
gate circuit which allows only one pulse to pass during 
the period of the 25c/s (actually 30c/s in the U.S.A.) pulse 
from the phase shifter or delay circuit. These arrangements 
have the disadvantage that both line and frame synchroniz- 
ing pulses are required. 

An alternative arrangement to the use of a 25c/s time- 
base has been described by Sturley’, in which a 50c/s 
time-base is used, but the position of the trace on the 
cathode-ray tube is moved up and down by a sawtooth 
waveform (or square wave) at 25c/s, so that two traces 
result, one showing the odd frame and the other the even 
frame. A photograph taken in this way is shown in 
Fig. 4. In this particular case a 25c/s square wave oscil- 
lator was used to deflect the trace up and down. Although 
this was not synchronized, when once adjusted, the wave- 
form remained steady apart from an occasional inter- 
change of the two waveforms as the frequency drifted. 
This was taken on the waveform display apparatus to 
be described, but the frequency divider was adjusted so as 
to operate on each pulse. 


Detailed Description of Apparatus 

Having dealt with various methods of obtaining the 
required result the apparatus developed by the author will 
now be described in detail. The apparatus was. originally 
constructed for demonstrating the operation of synchroniz- 
ing separators and for experiments on synchronizing 
separator circuits in television servicing classes. It is con- 
sidered that it would also be most useful to those engaged 
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on research in television, and since developed has been 
used in some research on interlacing by the author’. The 
apparatus was designed to show on a cathode-ray tube 
screen a portion of a television signal, the section required 
being selected at will and the number of lines viewed 
could be varied from about two to about 250 lines. (More 
could be shown if desired, but it is not likely that this 
would be required as the whole number may easily be 
shown on a normal oscilloscope). As the apparatus may 
be used for several purposes it was designed so that it could 
be driven from the 50c/s mains or from positive or nega- 
tive pulses (at frame frequency). 

A block diagram of the apparatus is shown in Fig. 5. 
If the driving signal is a pulse it is first limited (and 
reversed in phase if necessary) so that the apparatus will 
Operate over a large range of pulse amplitudes without 
adjustment. If a 50c/s sine wave (from the mains) is used 
it is squared (by limiting) so as to produce a 50c/s square 
wave. The square wave (or pulse) is fed to a frequency 
divider so as to obtain a 25c/s pulse which is converted 
into a 25c/s sawtooth waveform in the sawtooth generator. 
A pulse is now obtained from this sawtooth waveform 
which is continuously variable in phase over nearly 360° 
in a manner described later. This pulse is then used to 
trigger a modified sanatron time-base which gives a vari- 
able speed scan starting at the leading edge of each pulse. 
The output from this time-base is fed to a push-pull ampli- 
fier which feeds the X-deflecting plates. The time-base 
also generates a pulse during the period of scan which is 
used to brighten the spot of the cathode-ray tube, being 
fed to the grid. Since the speed of the trace is rapid and 
the repetition rate only 25c/s, a cathode-ray tube with a 
high E£.H.T. voltage is required to obtain a satisfactory 
picture, particularly when viewed by a number of people in 
normal illumination. For this reason a larger deflecting 
voltage is required and a push-pull amplifier is included to 
feed the Y-deflecting plates. 


Circuit Description 

A circuit diagram of the apparatus is shown in Fig 6 (page 
187). With the switches S,. S, and S, (ganged) in position (1) 
a 50c/s sine wave (from the 6-3 volt heater supply) is fed to 
the grid of V, which roughly squares the sine wave, the 


Fig. 7. Waveforms at various points in waveform display 


(a) Anode voltage of V3. 

(b) Cathode voltage of V;. 
(c) Anode voltage of Vs. 

(d) Anode voltage of Vs. 

{e) Anode voltage of V,, different setting of line selector Rie. 

(f) Grid voltage of V A fixed pulse and B variable pulse. 

{g) Output voltage from Vy, lowest speed setting on high-speed range. 
th) As (g) but different setting of line selector Rig. . 


A fixed side of pulse, B variable side of pulse. 
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Fig. 5. Block diagram of waveform display apparatus 


process being completed by valve V,. The output from V, 
is shown in Fig. 7(a), taken on a 25c/s time-base. When 
it is desired to operate from pulses the “pulse input” 
terminal is used which feeds through C, and §,, S, and §,. 
With positive pulses the switch is placed in position (2) and 
the signal is fed to V,. With negative pulses the switch is 
placed in position (3) and the signal is fed to V,. In both 
cases the pulse is limited in amplitude so that a constant 
amplitude positive pulse is fed to the frequency divider 
circuit. 

The next section is the frequency divider composed of 
valves V,, V, and V,. When the positive pulse from V. 
is applied to V, and V, the latter conducts and C, and C, 
are charged to voltages depending on their capacitances. 
At the end of the pulse the potential of V, falls and C, 
is discharged through V,, but C, remains. charged, as V, 
is non-conducting. On the next pulse C, is recharged and 
another charge (not equal to the first) is given to C,, increas- 
ing its potential. This potential is arranged (by suitable 
adjustment of the cathode potential of V, by potentiometer 
R,) to make V, conducting. Valve V, is connected as a 
blocking oscillator so that once conduction starts the grid 


apparatus. The oscillograms are taken with a 25c/s time-base 


(i) Output voltage of Vis, highest speed setting on high-speed range. Line 

selector setting as (g). 

(j) a (i) but time-base expanded about nine times to show shape of 
pulse ’’. 

(k) Brightening pulse output from Vy, lowest speed setting on high-speed 

range (as g). 

- Brightening output from V2, highest speed setting on high-speed range 

as 1). 
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Fig. 6. Circuit of waveform display apparatus 


is driven positive by the action of transformer 7,, and 
capacitor C, is discharged, ready to receive the next pulse. 
The result is a pulse through V, every other pulse of the 
input. The positive pulses on the grid of V, (at 25c/s) are 
fed through C, to the grid of valve V,, which acts as a 
driven time-base. During the period between pulses C, 
is charged through R,, but when the positive pulse is 
applied to the grid of V,, C, is rapidly discharged. The 
result is a sawtooth waveform (25c/s) across C, which is 
fed to V. which acts as a cathode-follower, producing a 
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similar waveform across R,. (see Fig. 7(b)). 

The voltage across R,, is fed to the grid of V, (through 
resistor R,,). The cathode of V, is biased by the potential 
divider R,,, R,, and R,, and this bias can be varied by 
R,,. At the start of the sawtooth waveform, V, will be 
non-conducting and will not conduct until the sawtooth 
voltage is approximately equal to the bias from R,,. After 
this V, will conduct and act as an amplifier of the sawtooth 
waveform until the grid goes positive, when the anode 
current will remain approximately constant. The result is 
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a portion of the waveform on the anode of V, (reversed 
in phase), the portion depending on the bias from R,,. 
An oscillogram of the anode voltage of V, is shown in 
Fig. 7(c). Edge a of the pulse corresponds to the flyback 
and edge B can be varied by variation of the bias on V, 
by R,,. This circuit, therefore, produces the variable 
delay. The resistor R,, acts as the line selector, selecting 
the line (or lines) required. The maximum phase shift is 
not quite 360° due to the flyback, but it is sufficient for 
most purposes. The variable edge of the pulse is now 
sharpened by amplification and limiting in V,. The out- 
put from V, for two different time delays (two positions 
of R,,) is shown in Fig. 7(d) and 7(e). The output from 
V, is now differentiated, by C,, and R.,, giving the result 
shown in Fig. 7(f), the positive pulse (B) being variable 
in phase. The negative pulse (A) is removed and the 
positive pulse reversed in phase by valve V,,, the result 
being a sharp negative pulse which can be varied in 
phase. 

The variable phase negative pulse is now used to trigger 
a special time-base (modified sanatron) composed of V,, 
and V,,, together with the diodes V,,, V,, and V,,. The 
time-base operates in the following manner :— 

At the end of a negative pulse on g, and g, of V,, the 
valve becomes conducting and its anode potential falls. 
This fall of potential is communicated to g, of V,, cutting 
off its anode current. Valve V,, acts as a Miller integrator 
and, with no anode current flowing C,, or C,, charge up 
to full H.T. potential due to grid current (g,) of V,,. The 
negative pulses from V,, are fed to g, of V,., the pulses 
being D.c. restored by V,,. The negative pulse cuts off 
the anode current of V,, causing its anode potential to 
rise, this rise of voltage being fed to g, of V,, (V,, acting 
as a D.c. restorer) causing the valve to conduct. The 
initial drop in the anode potential of V,, is fed to g, of V,. 
(through C,, or C,;) so maintaining V,, cut off independent 
of the pulse on g,. The fall in anode potential of V,, 
causes its own grid g, to go negative (due to C,, or C.,) 
and so the sudden rise of anode current is checked. The 
anode potential now falls as C,, (or C,,) discharges 
through R,,, R,, and R,, in an approximately linear 
manner (the normal Miller run-down of anode potential). 
During this fall of anode potential g, of V,. is maintained 
regative and cut off, but g, is prevented from going more 
than about 10 volts negative by the diode V,, which has 
its anode returned to a point of potential about 10 volts 
negative. Eventually the anode current of V,, cannot 
increase further and its anode ceases to go in a negative 
direction. This causes the bias of V,. to disappear, V,. 
conducts and its anode potential drops. This causes the 
anode of V,, to be cut off due to the negative pulse fed 
to g,. This causes C,, or C,, to recharge and constitutes the 
flyback. The anode of V,, now remains at full #.T. until 
the next negative pulse on g, of V,.. It should be noted 
that the pulse starts the scan and not the flyback of the 
time-base. The speed of the scan is determined by the 
setting of R,, (which controls the voltage discharging C,, 
or C,,) and the position of switches S$, and S, (ganged) 
which select two values of capacitance. The output from 
R,, is now used to feed the X plates, after passing through 
a push-pull amplifier. The output waveform from V,, is 
shown in Fig. 7 (g-j). Fig. 7(g) and (h) are taken with the 
maximum number of lines (approximately 35) on the high- 
speed position of S, and S,, but with two different settings 
of the line selector R,,. Fig. 7(i) is the output correspond- 
ing to the minimum number of lines on R,, (approximately 
2) where it will be seen that the flyback is longer than the 
scan, the scan being only 2/405 of the total time. Fig. 7(i) 
shows the same waveform on an expanded time scale 
where it will be noted that the scan is practically linear. 
The X amplifier consists of valves V,, and V,, with diodes 
V,.. Vi; and V,,. Valve V,, is fed from V,, and cathode 
coupled to valve V,,. Since the width of the “ pulse” fed 
from V,, varies (with the setting of R,,) it is D.c. restored 
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by V,, to reduce the grid swing which V,, and V,, must 
handle. R,, and R,, are used to give suitable bias voltages 
to V,, and V,, respectively. The output from these valves 
is fed to the X-deflecting plates, through blocking capa- 
citors C,, and C,... Since the X plates are a.c. coupled, 
the varying width of “ pulse” from V,, causes the picture 
to drift sideways on variation of the scan speed. This 
trouble is eliminated by p.c. restoring diodes V,, and V.,. 
R,, and R,, are used for picture centring and maintaining 
the mean potential of X, and X, at final anode potential to 
prevent distortion of the spot. 

As mentioned earlier, it is necessary to brighten the spot 
during the scan period. This pulse is obtained from the 
anode of V,, (since its anode goes positive during the scan 
period), being fed to the cathode-follower V.,. The vari- 
able output from the cathode resistor R,, is fed through 
the high voltage blocking capacitor C,, to the grid of the 
cathode-ray tube. The normal brilliance control is set so 
that the spot is just extinguished and then R,, adjusted 
to give sufficient brilliance. Fig. 7(k) shows the pulse 
obtained with a setting corresponding to 7(g) and 7(1), the 
pulse corresponding to 7(i). 

In many cases it is desirable to brighten or darken the 
corresponding lines on the television set or monitor, which 
are being selected by waveform display apparatus. This 
may be done by feeding this same pulse to the grid (or 
cathode) of the television tube. Such a pulse of variable 
magnitude is obtained from R,,, its polarity being deter- 
mined by the position of switch S,. 

The remaining portion of the equipment is the video 
amplifier to feed the Y-deflecting plates. This amplifier is 
required to give a large output and have good frequency 
response. V,. acts as a preamplifier with variable gain by 
means of R,,. This valve then feeds V,, and V., as a 
cathode coupled amplifier with inductance compensation 
in the anode. On the maximum sensitivity position a 0-25 
volt R.M.S. input gives a trace 1 inch high (peak-to-peak) 
and the gain can be reduced by a factor of approximately 
80 by the gain control R,,. This amplifier is flat to 1Mc/s 
and drops to about 30 per cent at a frequency of 2Mc/s. 
This is quite sufficient for most purposes. 

As has already been stated a high voltage tube is required 
unless the tube is to be viewed under weak illumination 
by a single person. Accordingly an ACR1 tube with about 
5kV final anode potential is used. The tube power supply 
is conventional and not shown on the diagram. In order to 
reduce the “jitter” on the screen a conventional 2 valve 
stabilizer feeds u.T. to all the valves, except those in the 
X and Y amplifiers, which are fed with the input to the 
stabilizer. The power supply and stabilizer are not shown 
on the diagram. For simplicity in the diagram single valves 
have been shown. Apart from the diodes, single valves 
were actually used (as they were available) but the size 
of the equipment could be reduced by using miniature 
double triode valves. Most of the valves are not critical 
and any triode of similar characteristic is suitable. 

With this equipment it is possible to view from two to 
about 250 lines and to pick out any portion required. Since 
the phase delay circuit does not cover quite 360° it would 
appear that there would be a dead section which could not 
be viewed. This is overcome by operating switch S,, S. 
and §, for a brief instant, so that the frequency divider 
operates on the “other” cycle. It is pure chance which 
cycle the divider operates on. 
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The Investigation of Ionospheric Absorption 


by a New Automatic Method 


(Part 2) 


Measurements on Oblique-Incidence Broadcast Signals 


By J. B. Jenkins*, M.Sc. 


The method of ionospheric investigation using oblique-incidence broadcast signals is discussed, 
and it is shown that certain parts of the equipment described in Part 1 may also be used to make 
automatic measurements of this type. The equipment produces greatly improved records. Its use 
in the investigation of ionospheric winds is forecast and its general value as a curve-smoothing 

device is anticipated. 


N Part 1 equipment was described which automatically 

measures pulse amplitudes and produces a record con- 
sisting of discrete recordings at one minute intervals, each 
recording being proportional to the summation of all pulse 
amplitudes received during that minute period. 

Observations are carried out on the variation of signal 
strength from a distant broadcast station to obtain informa- 
tion on the ionosphere; experiments have been carried out 
using parts of the new equipment to see whether they 
might also be used in this type of measurement. These 
experiments have been successful and it is shown that 
records are obtained which are superior to the records 
obtained using the existing method of measurement. 

An important problem in ionospheric research is con- 
cerned with the determination of the correlation existing 
between echo amplitude measurements by the vertical- 
incidence pulse method, and measurements of signal 
strength at oblique-incidence from a distant broadcast 
station. It is shown that if the complete equipment 
described in Part 1 is applied to vertical-incidence pulse 
measurements and if simultaneous measurements, using 
equipment to be described, are made of signal strength 
from a broadcast station, then the nature of presentation 
of the results is such that the discrete recordings obtained 
from both equipments may be directly compared. 

It is foreseen that the method described in this article 
may be applied to measurements of winds in the ionosphere 
and a brief description of its possible application in this 
field is included. 


The Present Method of Measurement of Signal Strength 
Variations Received from a Broadcast Station 


In order that oblique-incidence measurements may be 
telated to vertical-incidence pulse measurements it is neces- 
sary that the frequencies are also related. Thus: 

If f, is the oblique-incidence broadcast radio frequency, 
fe is the radio frequency of the vertical-incidence 
pulse-modulated signals, 

and @ is the angle of incidence of the oblique wave at 
the reflecting layer, 
then, fy = fo cosé. 

It is usual to tune a receiver to a broadcast station at 
which strong signals are received, i.e. to a frequency fo, 
and then knowing the location of the broadcast station 
and the height of reflexion, 6 may be calculated and the 
equivalent vertical-incidence frequency fy may be deter- 
mined. Vertical-incidence measurements are then made at 
a frequency f, as described in Part 1. 

To measure the variations of oblique-incidence signals 
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a receiver tuned to frequency f, has its p.c. fluctuating 
output continually recorded on a pen recorder. A typical 
record is shown in Fig. 11. 

In analysing this record an operator would divide it 
into small intervals of time of say one minute, and he 
would then estimate the mean values over these short 
periods. However, the variations might be so rapid that 
an operator could not approach the analysis of such a 





Fig. 11. A typical record obtained by ti ly ding the receiver 
output 








record with the confidence that the results he obtains 
would be accurate. The method of analysis is obviously 
tedious and the results derived may suffer from error. 


The New Method 


Since an operator is not interested in the short term 
variations that occur, much of the information presented 
on the record will be unwanted. 

If, however, the fluctuating D.c. signal from the receiver 
is fed into an integrator circuit whose output is recorded 
at one minute intervals (with provision made for resetting 
the integrator after the recording has been made), discrete 
recordings are obtained which represent the summation of 
all the p.c. levels fed to the integrator over a minute period. 
The integrator thus functions as a smoothing circuit pro- 
ducing an output at minute intervals which represents the 
mean receiver output over that minute period. 

In order to carry out these new automatic measurements 
the appropriate circuits required are: 

1, the receiver; 2, the integrator circuit; 3, the integrator 

supply circuit; 4, the timing circuit. 

The corresponding units are described in Part 1 and were 
shown in Figs. 4(a) and 4(b). 

Figs. 12(a) and 12(b) are typical records obtained simul- 

taneously using the new method of measurement and the 
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original continuous method of measurement respectively. 

It will be seen that Fig. 12(a) is far simpler to analyse 
than Fig. 12(b) and no skill at interpretation of the mean 
value is necessary. The accuracy of analysing the new 
type of record is only limited by the accuracy with which 
each recording may be measured. 


Correlation Between Vertical-Incidence Pulse Measure- 
ments and Oblique-Incidence Broadcast Signal Measure- 
ments, 

In order to determine the correlation existing between 
the two methods, two instruments are necessary. These 


an 





The same time switch may be used to operate both 
equipments. 

Two records are then available and simultaneous record- 
ings on each record may be compared. Since the two 
instruments are synchronized by the same time switch, this 
obviates the necessity for making frequent timing indica- 
tions. If mean values over a long period are to be com- 
pared, the mean values for the longer period may easily 
be deduced arithmetically from the records. 


The Measurement of Ionospheric Winds 


Investigations of ionospheric winds may be carried out 
using either vertical-incidence pulse measurements or 
measurements of broadcast signals at oblique-incidence. 
In either case it is usual to record signal strength at three 
sites. A steady wind giving rise to a uniform drift of the 
ionosphere will cause time displacements between the three 
records. If time displacements between peak signals on 
the three records are measured, the direction and velocity 
of the wind may be calculated. The calculation is simpli- 
fied if the sites are at the corners of a right-angled triangle. 

It is possible that the new method described will find 
application in this field of measurements, and this would 
involve the use of three instruments. The method would 
be particularly useful where the displacement times involved 
are long compared with an integration period of one 
minute. For shorter displacement times the integration 
period could well be reduced below one minute. The 
method allows instantaneous observation and the record- 
ings can be synchronized by a time switch common to the 
three instruments. 


Conclusions 


In Part 2 the automatic measurement of signal strength 
from a distant broadcast station has been described and 
it is shown that the method might be extended to measure- 
ments of ionospheric winds. 

Although this article is concerned chiefly with problems 
relating to radio propagation, the method described can 
be applied to any problem related to the recording of a 
continuously varying D.c. signal. The method has 
definite advantages where the mean value of a variable 
quantity is required (assuming this quantity can be resolved 
as an electrical voltage). 
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Figs. 12(a) and 12(b). Simultaneous records using the new thod of 
measurement and the continsous method of measurement respectively 
are: 
(a) the apparatus described in Part 1 for the vertical- 
incidence pulse measurements. 


(b) the appropriate circuits, as explained previously, for 
the oblique-incidence measurements. 
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A Pile Period or Reactivity Meter 


By T. E. Burnup* and J. H. Bowen* 


HE density of neutrons at a particular point within an 

atomic pile changes with time unless an exact balance 
is maintained between the rate of reproduction of fresh 
neutrons, and the rate at which neutrons are absorbed in 
control rods inserted in the pile for that purpose. The 
error existing in this balance is known as the pile reactivity, 
being positive or negative according to whether the result- 
ing rate of increase of neutron density is positive or 
negative. It is denoted by the symbol “dk” and the 
measurement of dk is of some importance in pile control. 

If 5k has a constant value for a period of time, say about 
a minute, the resulting neutron density follows the law: — 





* Atomic Energy Research Estab., Harwell. 
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n= onge™ 
where n = neutron density at the point under considera- 
tion at time f¢, 
m. = neutron density at initial instant, 
w = a function (invariant with time) of the 
reactivity dk. 

Thus 6k is measured by experimentally determining w 
in the above equation. This may be accomplished con- 
tinuously, so that w, and thus 6k through a conversion 
chart, is continuously displayed. This is most convenient 
for normal operating practice; but for special purposes, 
e.g. checking the relative absorbtion powers of different 
materials, a “spot check” method is more accurate. The 
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procedure then is to measure the time taken for n/n. to 
achieve some convenient ratio, say “a”. 

Then a = e®' or w = 1/tlogea. 
If a is chosen equal to e, then we simply have w = 1/t. 
If a more conveniently set up ratio of 2 is chosen, 


0-692 





w= 1/tlog.2 = 


The “discontinuous period meter” thus falls into three 
arts : — 
P (a) The primary measuring element for determining the 
neutron density at a point. 
(b) The instrument for measuring the time interval. 
(c) The device for measuring the neutron density ratios, 
which need only give a single indication when the 
ratio achieves the set value “a”. 

In addition to the equilibrium accuracies of these three 
sections of the instrument, the dynamic characteristics must 
also be discussed. 

The primary measuring element normally takes the form 
of an ion chamber. 

The equivalent circuit may be represented as shown 
(Fig. 1), in which a constant current generator produces a 
current i instantaneously proportional to the local neutron 
density in which the chamber is immersed. C represents 
the chamber capacitance together with associated cables 
and H.T. supply. R is the signal resistor, and V the signal 


voltage. 
»/ m i 
c i R Vv 


Vt 
: i 
or, if i is a step-function 4 
of current, Fig. 1. Equivalent circuit 
V =i/R (1-—e-*/*) 
Appropriate values are: — 
R = 10°Q, C = 1 000pF, T = 10-*sec. 

For the time being, we simply note that the lag in this 

circuit is of the order of milliseconds. 

The interval timer should measure periods of up to 
100sec with an accuracy of 1/100sec. This can be accom- 
plished by: — 

(a) Mechanical stopclocks. The requirement can be met 
by having a continuously running constant-speed 
section, with a clutch to engage and disengage the 
indicating hands as required. The lags for engage- 
ment and release of such a clutch are inherently 
different. 

(b) A recording device such as photographing a C.R.O. 
trace using a reference waveform as a strobe. The 
inconvenience of this approach for operational use 
is obvious. 

(c) A highly successful all-electronic clock has now been 
made using a Muirhead tuning fork type D418D 
as the reference source, and the dekatron (CV2199) 
as the combined counter and indicator. 

Four dekatrons are used, counting scales of 10, 
the fastest showing intervals of 1/100sec and the 
slowest, 10sec periods, the longest period measurable 
thus being 99-99sec. 

The dekatron circuit has been described elsewhere’. 

The ratio measuring device may take several forms. 

(a) The ion chamber signal may be displayed on a pen 
recorder. Two contacts may be positioned along its scale 
to give the desired ratio. Now a dynamic relationship 
naturally exists between the input signal to a pen recorder, 
V; say, and its actual reading V.. This may be represented 
in a simplified form by 
a... gm pe REE T, is related to the friction and 

Vi 1 + pT, 
inertia of its component parts. Neglecting ion chamber lag, 
we have V; = kn, e*' where k is some constant. 





——— in transfer 
1 + pT 


function form, where T = 


——s 
> 
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Solving the differential equation for V. gives 


1 1 ) 
Ve =|——— ew -1/T, Betis at ry 
ae a (1+ 2) 


so that, a sufficiently long time after connecting the recorder 
to Vi, we have 
1 
1+ of, 
(By a sufficiently long time is meant, of order 27, say. 
T, for a typical commercial pen recorder having full-scale 
travel in about 2sec, would be about 4sec.) 

Thus the ratio 

V.. at time ¢ 
— ee we Rie. 
V.. at time o 1 + wT, 

However, this difficulty is easily overcome, since 

Vo at time (t + Ae oh ecu 

V. at time (t,) 

which simply means that if both the contacts are positioned 
sufficiently far up the scale for the initial transient to be 
avoided, although the absolute values of the readings are 
in error, the ratio is correct for our purpose. The lag 
described previously may also be incorporated in this effect, 
and is similarly immaterial for the present purpose. 

We must now take account of lags in making and break- 
ing the contacts. If the lags of make and break are equal, 
then exactly as above, their effects are cancellatory. If, 
however, a difference exists, equal say to Ta, then the error 
in w is given by Ta/t? approximately, i.e. it is greatest for 
small values of ¢. 

To avoid an excessive increase in the neutron density 
while these measurements are being made, f is made small 
when the reactivity 5k is greatest; thus larger values of 
6k are more liable to errors of measurement, which is 
unsatisfactory. Every effort must be directed therefore 
either to minimizing those lags or to making them con- 
sistent and equal. 

(b) The ion chamber signal voltage may be compared 
with a reference voltage derived from a potentiometer. By 
taking two such reference voltages in the required ratio. 
the time interval may be measured between achieving 
equality with each. The relays, however, which detect this 
equality have a certain operating voltage, and a finite time 
lag. Since the rate of change of voltage is greatest at the 
higher reference level, the lag is not the same at both 
operations, with the same result as mentioned in (a). 

(c) A comparison of voltages may be made as in (b), 
then the ion chamber signal resistor (R, Fig. 1) may be 
changed in the required ratio. The time interval is now 
measured between the voltage V twice achieving the same 
value. Thus the comparison relay is working under the 
same conditions at each switching operation, and should 
have consistent lags. Using a high-speed relay the lag is 
less than 10 milliseconds. The ratio of the signal resistors 
can be accurately predetermined, and they are chosen to 
have similar temperature characteristics and are mounted 
together in the same box. The reference voltage is derived 
from a neon stabilizer (85A1) which is adequate to give 
the required stability for a 100sec period. The error voltage 
actually passes through a D.c. (chopper-bar) amplifier before 
entering the comparison relay, this amplifier having an 
output of 10 volts for less than 100 microvolts input, and 
a long-term stability of better than 10 microvolts. The 
purpose of this amplifier is to make the rate of change 
of voltage at the relay sufficiently high, even for the slowest 
rates of change of pile power normally encountered. 

Operational experience of using the equipment here 
described shows that time intervals up to 100sec may be 
consistently measured to an accuracy of 1/100sec, with a 
corresponding accuracy of measurement of 8k. 
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Stability in Negative Feedback Time-Bases | 


By A. B. Starks-Field*, B.Sc. 


Negative feedback, being a useful means of ensuring linearity in time-bases, is often used. It 
does, however, sometimes cause some curious forms of instability, in addition to the more usual 
oscillation at high frequencies associated with negative feedback amplifiers. 


This article deals with the tendency to produce a sequential operation in that alternate scans 
cover different ranges (double stroking). In a mild form it can destroy the interlace in a tele- 
vision raster even though the timing of the frame time-base may be perfect. 


Nee feedback is becoming more and more 
frequently used to achieve the necessary linearity for 
many applications of time-bases as well as amplifiers. Many 
of these can be classed as direct integrating types in that 
the voltage or current required for the application is the 
integration of some constant voltage used in the system. 
There are several forms of instability which can occur in 
these systems, the most obvious being the case where, at 
some frequency, due to stray capacitances, the loop gain 
of the circuit treated as an amplifier becomes positive and 
exceeds unity, when the circuit oscillates at the frequency 
so defined. This type of instability is well known and can 
be dealt with by the standard methods applicable to ampli- 
fiers. There is, however, another type of instability which 


. e 











Fig. 1. Basic Miller integrator time-base with discharge valve V, 


is much more obscure and takes the form of a sequential 
operation. This article is concerned with the discussion of 
this latter type. 

As an example of the general type of circuit Fig. 1 shows 
a simple case. V, is a familiar form of Miller integrator 
which is arranged to provide a voltage function which is an 
integral with respect to time of the H.T. supply voltage, 
while V, is a charge valve, arranged so that it charges the 
feedback capacitor C during flyback, and establishes the 
initial conditions for the integration. During the flyback 
the capacitor C is charged through V, and the grid current 
of V,, while during the scan it is discharged through the 
resistor R and the anode current of V,. Since during the 
scan the grid voltage of V, alters by only a small amount, 
the voltage across R is constant and the capacitor current 
is constant, being approximately equal to E./R, where 
E, is the H.T. supply voltage. 


Therefore, since E, ~1/Cf Iodt+V,e+K 
where E, is the anode voltage of V, 
and V, is the grid voltage of V, 
and K is some constant, 
then E, ~1/C/fE./Rdt+V_,+K 
= E.t/RC + K, 


* Marconi’s Wireless Telegraph Company Limited. 
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In the above equation, since E, is defined at the start 
of the scan by the conditions dictated by V., K, can be 
evaluated (and therefore E,) for any point on the scan. 

This is the valuable point about this circuit; i.e. that the 
initial conditions of the scan are defined by V, and there- 
fore the starting voltages of all the scans are equal. 

Now considering any circuit in which the output voltage 


(a) 
(b) 


(c) 


Fig. 2. Effects of interrupting the in‘egration of a constant term by certain 
specified functions 


(a) Mere interruption, (b) return function less than result of integration, 
(c) return function greater than result of integration 


V. is an integral of the reference voltage E., as expressed 
below: 


Vow Kiet - X, 


The value of K, can be anything without altering the fact 
that the output is an integral of the input. It is conceiv- 
able therefore that if a circuit were designed to evaluate 
the integral of a constant voltage and the process inter- 
rupted periodically to carry out some other ill-defined 
operation, then there are several possibilities which mathe- 
matically satisfy the problem, some of which are shown in 
Fig. 2. Fig. 2(a) shows the effect of merely interrupting the 
integration periodically and then allowing it to continue 
from the value attained. Fig. 2(b) shows a case where the 
integration is interrupted and a return operation carried 
out which is less than the amplitude of scan, while Fig. 2(c) 
shows the result of the return operation being greater than 
the amplitude of scan. In many circuits this sort of opera- 
tion can occur during the first few cycles of scan, but in 
a stable system the circuit adjusts itself until the return 
function is numerically equal to the scan amplitude. There 
are, however, one or two unpleasant cases which can 
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occur. For instance, stability may be reached only when the 
integrating ampilfier is running to a limit and is then 
violently non-linear. Another, and probably the most 
common, form occurs when the return function is itself a 
function of the final value which the integration attains, in 
which case sequential operations become possible. This 
sort of operation is sometimes present in television frame 
time-bases and the author has used the terms double or 
triple stroking for the sequences shown in Fig. 3(a) and 
(b) respectively. In case (a), after completing two successive 


(9) 


(b) 


Fig. 3. Double and triple stroking waveforms, where return function is a 
function of the result of integration 


dissimilar scans, the starting conditions of the third are 
equal to those of the first, and it is therefore evident that 
the circuit will continue to work in this condition. Fig. 
3(b) shows the same thing happening for a sequence of three 
scans. 

Any circuit which can be shown to have a stable sequence 
of this form, even though it may also be possible for 
normal operation to remain stable, must be regarded as a 
risky one to use because any slight disturbance may change 
the operation from one mode to the other, and very often 
circuits show a preference for the least desirable mode. 

Fig. 4 shows an idealized schematic circuit for a mag- 
netic deflexion time-base. It is assumed that the amplifier 
is capable of supplying current to the load in either direc- 
tion. The issue is therefore not confused by the 
impossibility of a reverse current. 

The following symbols will be generally used in the sub- 
sequent mathematical arguments. 

p =da/dt 

E. = The reference voltage for integration 

I, = current in the deflector coils 

R. = resistance of deflector coils 

L. = inductance of deflector coils 

A. = internal magnification of the amplifier 

V.. = voltage across deflector coils. 

E, = voltage across primary of a transformer 

E; = algebraic sum of the voltages around secondary 

loop of transformer including load circuit. 

i, = primary current 

i, = secondary current 

L, = primary inductance of a transformer 

L, = secondary inductance of a transformer 

M = mutual inductance between windings 

Ts = period of scan in seconds 

T; = period of flyback in seconds 


AMPLIFIER 











Fig. 4. Basic circuit for producing a deflexion current which is the integral 
of a constant input voltage FE, 


Appendix 1 gives the mathematical argument which 
indicates that under certain conditions the deflector coil 
current can be the integral of E.. 
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Now suppose we introduce at point x, in the circuit’ 
shown in Fig. 4, a voltage from a low-impedance source 
which is capable of cutting off the final valves and thus 
rendering the deflector coils with their associated stray: 
capacitances free from the amplifier. (This assumption may 
require some justification when considering practical cases.) 
A further assumption is that C,R, are chosen such that their 
damping influence on the deflector circuit is negligible. 
When this voltage is applied to the point x, the deflector 
circuit will start to execute a damped oscillation, and 
normally we will assume that the voltage is applied for a 
period equal to half the natural period of the deflector 
circuit. If the current value attained at the end of scan is 
I', then after the application of the voltage the current in 
the deflector circuit will become —al’, where a is the 
decrement ratio of the deflector circuit. If at this instant 
integration continues normally, then at the end of the next 
scan the coil current will be: 


R: 
E.T; — al’ 
C.R, . 
After the next one the current will be: 


R. R. 
pee ogy ee 
C.R, satin . len. | 


and therefore, after n scans, 
I, = I,[1+(—a)+(—0)?+(-a)® .... (—aP-J4+(-9l’ 


where J, = ...5 27, 


CR; 
As n tends to infinity (—a)" tends to zero, and thus /., 
at the end of the scan, tends to J,/1+.a. 


Fig. 5. Starting conditions of deflector-coil current which will occur in 
circuits of the type shown in Fig. 4. Double stroking occurs, but the 


waveform eventually settles down 











Fig. 6. Waveform produced by the circuit shown in Fig. 4 if non-linearity 
is present. This will double stroke indefinitely 


If the circuit is started operating from zero, then it 
will be seen that the waveform starts according to that 
shown in Fig. 5, and if the conditions stipulated above are 
satisfied then the circuit is stable. It is, however, significant 
that the early scans exhibit double stroking, and it is 
possible therefore that if there is any dissimilarity between 
the pulse applied to x from one scan to the next a degree 
of double stroking may quite conceivably occur. A practical 
example of this is in television, where the phasing of 
the line and frame time-bases differs on alternate scans 
and a small amount of interference from the line circuit 
modifies the nature of the pulse. It may be an explanation 
why a frame time-base can be accurately synchronized in 
time and yet fail to interlace well. 

Now consider the case where the process of integration 
is non-linear over its range of output, e.g. the multiplica- 
tion term in front of the integration sign is a function of 
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output voltage. This type of non-linearity is similar to that 
produced by the curvature of the valve characteristic, and 
is different from the case where the non-linearity is a func- 
tion of time. Appendix 2 gives an approximate analysis 
of the problem. 

Fig. 6 shows the waveforms which can result from such 
an arrangement. Let us consider a starting condition (i.e. 
after the previous flyback) such that the coil current J, = 
—iI,. For the purpose of this argument it is assumed that 
the slope for negative coil current will be less than that 
for positive currents. In practice this would usually take 
the form of a steady curvature and not two discontinuous 
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Fig. 7. Practical circuit which can, under certain conditions, double stroke 
indefinitely 


ce 


Fig. 8. Waveforms which occur in 5 peer coupling to the deflector 


(a) Load current, (b) secondary voltage, (c) magnetizing current, 
d) primary current 


linear portions. After the first scan under consideration the 
current would change to zero and then, at a greater rate, 
to some positive value (—/x + /,), executing a total ampli- 
tude change of /,. At this point the driving valves are 
entirely cut off and the deflector circuit is allowed to execute 
a half-cycle of free oscillation. If a is the decrement ratio 
(i.e. second half-cycle amplitude is o times the first; o < 1), 
then after flyback the coil current J, = (—Jx + 1,)(—a), 
and this may well have a larger numerical value than /x. 
Therefore the coil current J, is negative for a longer period 
of the second scan, and as a result the total current change 
(say 7,) will be less than 7,. J, at the end of the second 
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scan is then (—/ + /,)(—a) + /°. After the second fiy- 
back J, would then become [(—/x + J,) (—a) + J,](—<). 

If after this process J, = J, (as may well be the case) then 
the process may be repeated indefinitely. This is a critical 
condition; it can be shown that it is possible for such a 
circuit either to run normally or to double stroke, and once 
it starts to double stroke it will continue to do so. Appendix 
2 puts this more rigorously in mathematical form. 

A practical line time-base which exhibits this tendency 
under certain conditions is shown in Fig. 7'?. It consists 
of a booster-damper line time-base using a triode damper 
valve, with an overall magnetic Miller feedback loop con- 
sisting of C, R, and R,. In this circuit, the integrating feed- 
back is operative whether the driver valve V,, the damper 
valve V., or both, are carrying current, since the feedback 
is fed via the phase splitter. Referring to Appendix 1 and 
Fig. 4 it will be seen that if the loop gain is large then 
the current in the deflector coils will be linear, for the feed- 
back circuit is similar in theory except that the shaping 
components, corresponding to C,, R, and C, in Fig. 4, are 
now included in the form of a series combination R,C. If, 
however, the loop gain is inadequate, and the gain via the 
driver valve is less than that via the damper valve, then it 
can be shown the integral function has the type of non- 
linearity referred to above and the circuit may double 


[R= 


on 2 
Fig. 9. Equivalent circuit of a coupling transformer and deflector coils 


PS tiaioas Ve uw wn 


Fig. 10. Waveforms produced in a coupling transformer, for starting con- 


ditions, illustrating initial double stroking which may or may not disappear. 
(a) Secondary current, (b) primary current 
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Another component which can cause trouble is the trans- 
former coupling the valve circuit to the deflector coils. 
As this component has one or two properties apart from its 
influence on the stability of a circuit, a short analysis of 
its behaviour is desirable. 

Fig. 8(a) shows the current waveform required in the 
deflector coils, (b) shows the corresponding voltage wave- 
form required across the deflector coils, and (c) shows the 
magnetizing current in the primary of the transformer 
required to produce the necessary voltage waveform. The 
larger the primary inductance the less will be the magnetiz- 
ing current, and therefore the total primary current will 
approach more and more the shape of the load-current 
waveform. Since this current must be supplied in most 
cases by a single-ended stage the current can never reverse 
and therefore the least average current supplied to the 
stage must be such that the waveform just touches the zero 
line. Under these conditions the average power fed to the 
stage is equal to half the peak-to-peak load current referred 
to the primary multiplied by the u.T. supply voltage. If, 
however, the magnetizing current is arranged to be one-half 
of the peak-to-peak load current referred to the primary 
the total primary current takes the form shown in Fig. 8(d). 
The peak-to-peak value of this waveform is little greater, 
and the average value is very much lower, than before. This 
results in an improvement in efficiency and is a desirable 
condition, but unfortunately in many cases such a design 
used in a negative-feedback circuit is prone to double 
stroking, as will be subsequently shown. 
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Appendix 3 gives an approximate mathematical treat- 
ment of the problem, showing how the tendency to double 
stroke is a function of the transformer parameters. The 
method of approach is to assume that the feedback circuit 
will ensure that the coil current increases linearly from 
whatever initial value exists at the start of scan, and that 
during flyback the primary current is made to decay accord- 
ing to a definite law to a small value. The waveforms 
shown in Fig. 10 give an indication of the process, (a) being 
the coil current and (b) being the primary current. The 
result is that, during the scan, from an initial value of zero, 
the load current builds up to the specified peak and the 
primary current then has to be built up to the referred 
value plus the necessary magnetizing current. At flyback, 
however, nearly all the primary current is cut off, with 
the result that the current change in the secondary circuit 
is that of the load current plus the magnetizing current 
referred to the secondary. This means that the next scan 
starts from a current value in the coils which may be 
equal to and of opposite sign to that which existed at the 
end of the scan. In a similar way to that of the previous 
case a sequence of two dissimilar scans can result in a 
starting condition for the third scan being equal to that 
of the first. 

In the result of Appendix 3 (R.7;)/(L.+L,) must be made 
less than unity. In practice it has been found that 
many circuits are stable which do not pass the above test, 
but this is probably due to the fact that the approximations 
are only partially justified. The inclusion of the neglected 




















Fig. 11. A conventional fed-back transformer-coupled time-base circuit 


terms in the equations result in very complicated series 
which are difficult to interpret. Other factors such as 
hysteresis and eddy-current loss may also contribute to 
stability as their effect can often be simulated by resistance 
included in the primary circuit. It is interesting to note that 
the only significant assumptions that have been made are 
that the feedback will ensure that the coil current is linear 
while during flyback the primary current shall decay to 
zero. No sources of non-linearity such as valve or mag- 
netization characteristics enter into the question. 

The circuit shown in Fig. 11 is given as. an example of 
a frame time-base which is feedback controlled, and will 
be used to justify some of the assumptions made. It can be 
shown that to a first order the primary voltage of the 
transformer T, is a reasonably accurate replica of the 
voltage across the secondary. If then R, and C, have a 
time-constant equal to that of the deflector coils the wave- 
form appearing at the junction of R, and C, is similar 
to that appearing across the resistive component of the 
deflector coils. If the junction of R, and C, were connected 
directly to C, then the circuit would take the form of a 
Miller integrator, except that the feedback ensures that the 
sawtooth wavetorm is produced at the junction point of 
R, and C,. Since this waveform is similar to that of the 
voltage across the resistive component of the deflector 
coils, and therefore that of the deflector-coil current, then 
this latter current would also have a sawtooth form. This 
argument, however, is only true if the gain of the stage 
is large, when the voltage across R, is constant and the 
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charging current is constant. However, with most television 
frame time-bases the variation of grid voltage over the scan 
is quite appreciable and therefore the voltage across R, (and 
thus the rate of change of deflector-coil current) decreases 
towards the end of scan.. By including R, and C, it can be 
arranged that the effective amount of feedback decreases 
towards the end of scan and thus ensures linearity*. It is 
reasonable to suppose therefore that the feedback circuit 
will ensure that the secondary current is linear with respect 
to time so long as the output valve is working within its 
capabilities. Also when the blocking oscillator valve V, 
conducts the output valve is cut off for the period of the 
flyback and therefore the primary current must be zero 
except for any current in R,C,. It is indeed unfortunate 
that this type of circuit has the characteristic of instability 
because apart from the danger of double stroking it is well 
capable of ensuring adequate linearity with a comparatively 
small transformer, with the corresponding reduction in cost 
and, paradoxically, an improvement in efficiency. Probably 
the solution lies in some form of limiting circuit on the 
secondary side such that double stroking is discouraged. 
The author has known several circuits which behaved quite 
well until some interfering pulse caused them to change 
their mode, and they could only be returned to normal 
either by turning the amplitude to maximum or by 
desynchronizing. 

By increasing the scan amplitude to maximum, the driv- 
ing stage is operated to both limits, thus ensuring that both 
the starting and finishing scan currents are well defined 
and equal from scan to scan, and causing double stroking 
to cease. Desynchronizing has a very similar effect in that 
the scan time is longer, and therefore the scan amplitude is 
greater. The time-base cannot normally be run under these 
conditions, however, because of non-linearity at the begin- 
ning and end of scan, and because the maximum scan avail- 
able must exceed that normally used, to allow for valve 
ageing, etc. 

In general, it would appear that double stroking can, 
and almost certainly will, occur during starting in any 
circuit in which the flyback function is dependent for its 
starting conditions on those existing at the end of scan, 
and is maintained linear irrespective of starting conditions. 
The methods of establishing whether or not the circuit con- 
stants are such that it will occur are very complex, and in 
most cases approximate, but the general process of carrying 
out complete cycles from points of equal starting conditions 
seems to be the only logical method of showing that double 
stroking can occur, and it may well give a clue as to what 
must be done to prevent it. The problem, as was pointed out 
earlier, will obviously have a bearing on the accuracy of 
interlace**. 
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APPENDIX | 


ANALYSIS SHOWING THAT THE DEFLECTOR-COIL CURRENT 
IS THE INTEGRAL OF A CONSTANT INPUT VOLTAGE Eo. 


Referring to Fig. 4: 








Ve 
I. ae. ere (1) 
Sig Ve 1/pc, 
* Ri +1/pc, 
where V,, is the voltage across C,. 
ee | 2 (2) 


1/pC, 
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From Equations (1) and (2): 
_ Vex (Ry + 1/pC,) 





fe = 17 0C,(Ro+ pL.) 


_ Vex (pCR +1) 
~ Rp Le/ Re+1) 


If then C,R, is made equal to L,/ Ro 
then: 





Voy 
I, —- han ee oe ee oe ee ee ke ee ee eee 3 
R. (3) 
Let Vx be the voltage point at x, 
then Ve = —AoVsz. 


From (2): 





Vo, (Ri + 1/pC,) 
re re eas ae 4 
1/pC, © 
Assuming that the amplifier does not load the point x, i.e. 
I., the current in R., flows into C,. 
¥. E, = Vx =" 4 V5 —_ V 


—AvV; — 














- R = “1 / pC, tae SR aa tes (5) 
Substituting Equation (4) in Equation (5): 
Vo(Ry + 1/pC,) —_ VaR + 1/00) _ 
sti” lig, ee” a alhtien 
R, 1/pC, 
(pC,R, + 1 ) 
E./R, = pC.Ve a 
/R, = pC.V [1+ a 1 + 7C.R, | 
if Ao is large. 
E, 
Then V., = rC.R, 
I ~ re 
°™ pC2R2Re 
or in classical notation: 
I, = RR. af eee ee ee (6) 
APPENDIX 2 


ILLUSTRATING THE POSSIBILITY OF CONTINUOUS DOUBLE 
STROKING IN A FEEDBACK LINE TIME-BASE. In this case let 


Io = (K, + Kale) § Eodt 





Proceeding as previously indicated from the condition 
where J, = 0. 


After scan (1) 
i, ? 
K,+ KJ. re 
Putting E.7, = B 
i — K,B + K.BI. 





_ KiB 
~ a lee 
After flyback (1) 
ical: xe aK.B 
a Ys 1 — K.B 
After scan (2) 
K, oaBK, 





=< 


wa, 1 oy 
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After flyback (2) 


aBK, aBK, 





aie = BK,  (1—BK.) 


and in general after scan (n + 1): 
oe BK, | _(-a) iS _(~a)’ 
~1-BK,| * @-BK) 











I. 
* (BK, 





SAA ery 


if (1—BK,) > a this series is oscillating and convergent 
(1—BK,) = a this series is oscillating 
(1 —BK.) < a this series is oscillating and divergent 


APPENDIX 3 


ANALYSIS OF THE CONDITIONS LIKELY TO CAUSE DOUBLE 
STROKING DUE TO THE USE OF A 1RANSFORMER COUPLING IN 
CONJUNCTION WITH A FEEDBACK TIME-BASE. The feedback is 
assumed to ensure that the deflector-coil current is linear 
during the scan and the flyback function is assumed to 
— the primary current according to an exponential 
aw. 


Referring to Fig. 9: 








i eh NN ok 2 (1) 
E, = O=p(L, + Lo)i, + Rei2 + pMi, Opies (2) 
From (2) 
” L, + Le , 
i, = —* + 1/p RiM| i, 
ae _R 
eae 1 Oe ga 
writing I, ti = o the effective transformer ratio 
and =. ae 8 the secondary time-constant 
TES ie ‘ 
Bod ( Ge cj |) ae eee (3) 
ee (4) 


oa o(1 + B/ p) 
If at the start of the scan J, = J, and it is assumed that the 
feedback circuit merely ensures that the deflexion current 
increases linearly, then we may say that during the scan: 


I, = I, = 1, + Kt, where K is a constant giving the rate of 


change of current in amperes/second .............. (4a) 
.. From Equation (3) 
i, = o[(lo + Kt) + Blot + Kt?)] + Ko ...... (5) 


where K, is the initial primary current. 
Postulating that the primary current must decay according 
to the law A,e~*.' during flyback, A, being the initial value 
and K, the time-constant decay, then applying Equation 
(4): 

i, = 1fo(1 + B/p)' A,e"* .......... (6) 
The solution of Equation (6) is in two parts: 
the complementary function: 

i => A,e~B* 

where A, is the arbitrary constant to satisfy the initial 
conditions, 
and the particular integral: 





Pe coe 4, A, —K.t 
Ll = 8/R)* 
cases dalla A,e*:t ss 
.h= x1 — BIR) — BIK) + A,e-B 
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.. at the end of flyback, time T: 





4,0 — BT; 
o(1 —B/K) ES, | I i Ke Sea (6a) 


Writing e ~f™ as K, 
ande “itt as Ky 


= 








at the end of flyback: 
WER cc acess ceeuen es cannes eeens (7) 
| i, = Vii a Me eo aero (8) 
Carrying out one complete cycle of scan and flyback and 
putting KT, = J’, using Equation (4a): 
DR By Ce oe) eae mee OMe ota PERI eae le (9) 
using Equation (5), 
i, = o[(1 + B73). + D) + Ko ...... (10) 
At the start of flyback using Equations (6a) and (9), 
A 


+ A, 





[toh f =lle 
i a a a 
using Equations (7) and (10), 

i, = A,=o[(1+ B7s\(Io+I')]+ Ko 


for conditions at start of flyback must equal those at end 








of scan. 
f ,_ [0+ 87). _ x 
aiid ~ [SE ens ae si 
; (1 + BTs) K. 
tlk, Oe. te ke ¥ ei 
et) Fi + BK) * + ca B® 


At the end of flyback 
a 1 iP o 
i, = [ate ) (lo + I') + ane] Ky 














(1 — B/K,) o(l — B/K) 
rn __| (1+ ATs) ae 
| (a. + Ei +6 ene | x. 
| _ {a4 87) eS : 
. (‘ -He* ?* A -ae 
+(lo+I')Ke ....- (11) 
and i, = ov { [(l + BTsMIo + I')] + K.} Kp Se eed ees (12) 


For the following cycle start with: 
I, = i, as in Equation (11) 
and K, = i, as in Equation (12) 
In most cases it is reasonable to assume that the primary 
current decays very nearly to 0, i.e. Kp is small and there- 


fore K. can be neglected as far as the subsequent scan is 
concerned. 


Equation (11) may then be written: 








| bu x ewe y+ Ka +D .(3) 
and Equation (12) may be written: 
i, = of[(1 + BT.) Kp Qo +P) .....ccccccces (14) 
' wre (Ky ~ Kd + K,| may be written K’ 
.. Equation (11) becomes 
Ria OND 6k ouicid onan (13a) 


Starting then with J, = 0 
after the first cycle 
i, = K'T 
i, = o(1 + BTs) Kyl’ 
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after the second cycle 

i, = KT (1 + K’) 

i, = o(1 + B73) K (K' + 1) 
after (n + 1) cycles 


ip = KT[1+(K)+(K}V+(K) .... +(K’}] .... (1S) 

i, = o(1+AT.)Ky[1+(K)+(KY+(KY .... awed 
ities iw: 

i, = '(1+(K)+(K)?+(K) .... + (K)] ........ (17) 

i, = Io(1+8T3)[1+(K)+(KY+H(KY .... + (KV in 


In the above equations 
, (1 + ATs) 
— E no K,| 
Since K, is small and may be neglected, 
— 1+ PTs 
* =(1 2 LAF | 
K, is normally large compared with £ since the flyback is 
short, and K’ is therefore generally negative. 
Referring back to Equations (15), (16), (17) and (18): 
if |K’| < 1 the series will be oscillating and convergent 
if |K’| > 1 the series will be oscillating and divergent. 
A further approximation may be made by neglecting 


: [ 1 + at as RT's 
B/.K,, when K ™ a —— are: +i, 
So for stability ——< 1 
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RADIO EQUIPMENT FOR PAKISTAN 


Telecommunications equipment, made in Australia at a cost 
of £A600,000, is being supplied to Pakistan by the Australian 
Government in accordance with the Colomto Plan, under 
which Australia is assisting the development of Asian countries. 

The radio communication apparatus, which will be used for 
the extension of the communications network between East and 
West Pakistan, as well as on overseas services, will shortly be 
shipped from Melbourne. Included are radio transmitters and 
receivers for the maintenance of traffic with ships at sea for 
both East and West Pakistan. 

Made in Melbourne by Amalgamated Wireless (Australasia) . 
Ltd., the equipment comprises fiye 30kW transmitters, 17 
single sideband receivers, together with monitoring and test 
apparatus, and associated aerial systems; two 100 watt high 
frequency transmitters, and two 3000 watt medium frequency 
transmitters, and associated equipment for communication with 
ships, are other specified units. 

In addition Australia is also supplying broadcasting trans- 
mitters and ancillary equipment to Radio Pakistan at a cost 
of £A350 000. This equipment will be used for extension of 
general programme facilities, and particularly for broadcasting 
between East and West Pakistan. It will provide special inter- 
ception facilities for Radio Pakistan, enabling the East 
Pakistan network to re-broadcast transmissions intercepted 
from West Pakistan. The items comprise two 10000 watt 
short-wave transmitters for Lahore and Peshawar; three 10 000 
watt medium frequency transmitters for Lahore, Dacca and 
Quetta; and two 1000 watt transmitters for satellite stations. 
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Electrical Telemetering and 
Automatic Process Control 


(Part 2) 


By J. R. Boundy*, B.Sc., M.LE.E. 


ONE of the first large-scale plants to be completely con- 
trolled by the automatic process control equipment 
described in Part 1 of this article was an SO, extraction 
plant for the production of premium grade kerosene. The 
plant is in the Llandarcy National Oil Refinery of the 
Anglo-Iranian Oil Co., and it has been in operation for 
18 months. This installation was the first plant to be con- 
trolled completely electronically in the world, and has run 
successfully since the initial commissioning, and is now 
operating well above the designed daily throughput. 
The physical quantities being controlled are levels, pres- 
sures and flows. There are 17 controllers for the main- 
tenance of a constant liquid level in the various columns 





Fig. 8. Control panel for SO, extraction plant, Liandarcy 


and vessels, four controlling the flow of liquids and gases 
and three controlling pressures. 

The standard practice in oil refineries up to the moment 
has been to use pneumatically operated control equipment. 
In these pneumatic equipments, the signals from the 
measuring point to the controller and from the controller 
out to the regulating unit, are air pressures. As plants have 
become larger and the need for centralized control becomes 
more obvious, the lag in transmission of these air pres- 
sures, aS signals, becomes serious. Resort has therefore 
been made to a method of remotely setting these con- 
trollers; thus leaving the actual controllers locally on the 
plant, and bringing only the remote setting equipment into 
the control room. The replacement of these pneumatic 
signals and controllers ‘by electrical equivalents obviously 
eliminates these difficulties and thereby reduces the number 
of units required. 

This elimination of signal lags, due to transmission over 
a distance, gives the plant designer freedom to place the 
various control equipments in positions which are most 
suitable for the daily operation of the plant without 
adversely affecting the efficiency of the automatic control. 
This normally means that the designer will bring all his 
controls into a centralized control room, of which Fig. 8 
is an example, leaving on the plant only those units which 
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are essentially part of it, such as the measuring units and 
the control valves. 

The designer may, with advantage, go one step further. 
He may wish to take advantage of the fact that one may 
divide the actual individual controllers themselves into two 
or more sections. In other words, because there are no 
mechanical linkages between various parts of the 
controllers, then one may, for example, divorce the control 
setting dials from the main components of the controller 
itself. An example of this was shown in the control console 
illustrated in Part 1. Here the setting dials are placed on 





Fig. 9. Rear view of console control desk 


the front of a console desk, while the main body of the 
controllers themselves placed in the back and wings of 
the unit. (See Fig. 9.) One may, of course, go further 
still, and place the controller main equipment in an adjacent 
apparatus room and rack mount the equipment. This 
“telephone exchange” technique is of great help in the 
maintenance of the equipment. Obviously once the free- 
dom of design has been given, all sorts of combinations of 
layouts of equipment can result, such as graphic wall panels 
with setting dials in the diagram, etc. 

This flexibility of the electronic equipment was of great 
advantage on the first large plant because it permitted com- 
pliance with all the accepted practices of pneumatic equip- 
ment and thus made the change of technique less obvious. 
The only really visual difference was the use of multicore 
telephone type cable, instead of the usual air lines of 
copper piping. The use of telephone type cable instead of 
copper piping does, of course, bring with it the further 
advantage of being able to wire completely the control 
panel or desk in the manufacturer’s works. The panel or 
desk can then be taken to the site complete, lowered into 
position, and then the incoming cables terminated on the 
terminal blocks. This makes the work left to do on site 
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very small indeed, and has, of 
course, very many advantages. 

This plug-in technique is 
used on the main controller 
equipment itself; as will be 
seen in Fig. 10, the individual 
controller trays are slid into 
the controller boxes along the 
guides and carry on them a 
plug which mates with sockets 
at the rear of the con- 
troller case. This has two main 
advantages. When the equip- 
ment arrives on site, the trays 
can be plugged in at the last 
minute, minimizing the risk 
involved in the general hand- 
ling of these large panels and 
desks. Secondly, during normal 
running, if a fault occurs 
in a controller, the mechanic 
need not attempt to locate 
the fault, he merely pulls out 
the suspected trays and 
replaces with spare trays, thus 
restoring the plant to normal 
operation in the minimum 
possible time. The suspected ‘ ; 
controller trays can then be taken to the quiet of the main- 
tenance shop and repaired without interference by 
operating staffs, etc. 


Fig. 10. Removal of trays of 
process controller 


Simulator Unit 


In order to assist the maintenance mechanic, a small 
electrical analogue was designed, Fig. 11, so that the con- 
troller trays when repaired can be fully tested under 
working conditions in the maintenance shop. This analogue 
simulates the conditions found on an actual plant. The 
operator can therefore return his repaired trays to the 
plant, knowing that they will be satisfactory in operation. 

The standard regulating unit on the plant is simulated 
by using the moving-coil, shutter, and double photocell 
arrangement, described in Part 1. The simulation is reason- 
able because the photocell unit is a current bridge, and the 
magnitude of the current is determined by the difference 
in the light falling on the two photocells. If, therefore, a 
current is fed into a coil of this movement the output 
current from the photocell unit will bear a direct linear 
relationship to the current and will therefore simulate the 
ideal process regulating unit. This small regulating unit 
simulator is shown diagram- 
matically in the top left- 
hand corner of Fig. 11. It 





controller by joining capacitor C, between the grid and 
cathode of valve V,. The anode current of this valve then 
simulates the level of the liquid in the plant, and is indicated 
on indicator M, and passes through the standard electronic 
repeater unit. This standard repeater unit is interposed so 
that connexions may be made to the input of the controller 
in the standard method. These connexions will then com- 
plete the process loop. 

The only other simulation still required is that of the 
loading on the plant. This would be most correct if it were 
arranged as a shunting resistor across the capacitors 
simulating the vessel because the resistance would leak 
away electrons similar to the liquid flow from a vessel. 
However, since the current output from the photocell 
bridge is very small (0-5uA) this resistor to shunt the capa- 
citors would have to be extremely high, and not very 
practical. It was therefore decided to wind a second coil 
on the regulating unit simulator, and inject into this second 
coil a current which would represent the load on the plant. 
This current is obtained from the stabilized p.c. source 
and potentiometer R,. Since the current passing through 
this second coil is arranged to be in opposition to the first 
coil, then the action will be to decrease the current flow- 
ing from the photocell bridge into the capacitor and 
thereby modify the charge of capacitor C,. In fact, if this 
“load current” is greater than the current from the 
controller, the photocell bridge current will reverse and the 
voltage across the capacitor will start to fall instead of rise, 
thus simulating a falling level in the vessel. 

The only other adjustment necessary on the simulator 
to assist testing of a controller is that which alters the 
effective size of the vessel. This is done in two ways. There 
is a coarse adjustment (S,) which changes the size of the 
capacitor C,, then there is a fine adjustment (R.) which 
alters the flow of current from the photocell bridge by 
—? the intensity of the illumination from the electric 
bulb. 

It will therefore be seen that sufficiently adequate 
simulation of a plant can be arranged so that adequate 
tests of the efficient operation of a controller may be made. 
This arrangement as it stands, of course, only represents 
a plant with a single capacity, but that should be sufficient 
to ensure that the faulty controller trays have been satis- 
factorily repaired. 


Flame-Proof and Intrinsic Safety 


One difficulty met in the introduction of electronically 
controlled equipment to process plants is the possible risk 
of explosion if there is a chance of an inflammable gas or 
vapour getting into the atmosphere surrounding the plant. 








will be seen that if the 
output from the controller 
is fed into terminals G and 
H, then the position of the 





Output from Controller 






regulating unit will. be 
indicated on the indicator 
and simulated by the move- 
ment of the shutter in front of 
the photocells. The current 
output from these photocells, 
which is simulating the liquid 
flow of a plant, passes round 
the circuit to modify the 
charge on capacitors C,. 
These capacitors then act as © 
the capacity of the vessel of the 
plant; their voltage will re- 
present the level of liquid in 
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the vessel. This level is then de- 
tected and transmitted to the 
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In fact, this is not an insuperable difficulty and can be met 
by compliance with certain regulations. In the past, since 
most of the problems arose through the installation of 
heavy machinery, such as motors, the solution could only 
be to flameproof the motors themselves. However, with 
electronic equipment, a second solution is possible. This 
is by complying with the intrinsically safe regulations. This 
is made possible in the case of electronic equipment 
because of the comparatively low amount of energy stored 
in the circuits connected to this equipment. 

Because it is felt that the exact meaning of flame-proofing 
and intrinsic safety, is not sufficiently well known, the 
British Standard definitions of these terms are given below. 


FLAME-PROOF ENCLOSURE 

In accordance with British Standard 229: 1946, a flame- 
proof enclosure for electrical apparatus, “is one that will 
withstand, without injury, any explosion of the prescribed 
inflammable gas that may occur within it under practical 
conditions of operation within the rating of the apparatus, 
(and recognized overloads, if any, associated therewith), 
and will prevent the transmission of flame such as will 
ignite the prescribed inflammable gas which may be present 
in the surrounding atmosphere ”. 


INTRINSIC SAFETY 
In accordance with British Standard 1259:1945, the 
words intrinsically safe mean: 


“(a) Applied to a circuit, denotes that any sparking that 
may occur therein in normal working and with the 
prescribed components is incapable of causing an 
explosion of the prescribed inflammable gas or 
vapour. 


Applied to apparatus, denotes that it is so con- 
structed that when connected and used in the 
prescribed conditions any sparking that may occur 
in normal working, either in the apparatus or in 
the circuit associated therewith, is incapable of 
causing an explosion of the prescribed inflammable 
gas Or vapour”. 


(b 


— 


CONSTRUCTION OF EQUIPMENT 

A typical example of a flame-proof enclosure is that 
shown in Fig. 12. It will be seen that the two controller 
trays slide into a robust casting, the hinged door of which 
is closed by six bolts. 

It will be noted that the hinged door and the main cast- 
ing on which the door closes, have very deep flanges. 
By regulation this depth of flange, for equipments whose 
volume is greater than 100 cubic inches, must be at least 
one inch and must be flat to within 0°008in. The reason 
for this is to provide a cooling path for the flame created 
by any explosion taking place inside the main casting. In 
other words, an explosion inside the main casting must not 
create a larger explosion in the atmosphere surrounding a 
casting. Similarly any potentiometer spindles or through 
connecting terminals must have this inch path and 0-016in. 
clearances as a maximum. There are, of course, no 
practical difficulties in doing this, as these allowances are 
well outside the normal machining tolerances. It is there- 
fore comparatively simple to arrange operating knobs out- 
side a flame-proof enclosure which can move mechanically 
potentiometers inside the enclosure. Separate flame-proof 
terminal boxes must always be provided on the equipment 
to terminate the power supply connexions to the unit. In 
other words, one is not permitted to bring power supply 
connexions straight to the inside of a flame-proof 
enclosure. 

At the same time as this enclosure was designed, the 
circuits coming from the measuring unit to the controller, 
and the circuit going from the controller to the regulating 
unit, were arranged to be intrinsically safe. No difficulty 
was found in doing this. It was merely necessary to realize 
the testing conditions and arrange to meet them. The 
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testing conditions are that there must not be enough energy 
in the intrinsically safe circuit to ignite a gas when there 
are two coincident faults on the equipment. One of these 
faults is made on the external intrinsically safe leads and 
the other fault is created inside the flame-proof enclosure. 

In the case of the electronic repeater circuit which forms 
the measuring unit loop it was assumed that the worst fault 
internally inside the flame-proof box would be an inter- 
electrode short-circuit in the valve. Therefore allowing for 
this, arrangements were made to limit the energy available 
in the outside circuit, even though it may be either short- 
circuited or open-circuited. This meant in effect that 
sufficient resistance had to be placed in the anode circuit 
so that when a valve was short-circuited, the amount of 
energy which could be fed by the H.T. supply into the 
external circuits, was restricted. In practice, the H.T. supply 
voltage was of the order of 160 volts, and it was only 
found necessary to put in anode and screen resistors on 
the pentode of a value of 3600 ohms each. This limited 
the external short-circuit current to 80mA, which proved to 
be low enough, even allowing for several recorder move- 
ments in the external circuit. The authorities are prepared 
to issue an intrinsically safe certificate to cover a maximum 
number of inductive units such as recorder and indicator 





Fig. 12. Controller flameproof case with front opened and trays removed 


movements in the circuit. This then gives to the user free- 
dom to choose any number of recorders or indicators up 
to the maximum on the certificate and still keep within the 
regulation. 

The result of this work means that if the atmosphere can 
become hazardous then no change need be made to any of 
the external cabling systems, presumably of the telephone 
type, nor to the measuring units or regulating units. All 
that would be necessary would be to enclose the two trays 
of the controller in its standard flame-proof housing. In 
other words, the only point at which the problem arises, is 
in the actual control room itself. Fortunately, the modern 
control room is now tending to be air conditioned for the 
benefit of the operating staff, and since this would eliminate 
the risk of hazardous atmospheres, then the need for flame- 
proof equipment in this room will disappear. 


Performance 


It is of interest that the equipments described in this 
article have been in operational use for some time. 
Individual controllers have been operating for periods up 
to three years in various industrial installations. The first 
large installation of these equipments. was, as mentioned 
earlier in the article, on the SO, extraction plant at 
Llandarcy. In this plant all control was done by these 
electronic controllers. There-are 24 in number, and they 
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have now been giving very satisfactory service for a period 
of over 18 months. The plant is in fact running at a 
throughput higher than that for which it was designed. 
Although operating conditions are far from ideal for elec- 
trical equipment, i.e. fairly high concentrations of SO, in 
the atmosphere, etc., the electronic equipments are requir- 
ing very little maintenance indeed, and are now accepted 
as normal equipments by the maintenance staffs. It is 
interesting to note that because both the heating of the 


filaments of the electronic valves and their anode dissipa- 
tion has been arranged to be smaller than that specified by 
the manufacturers the life of these electronic valves has 
been much greater than that normally specified. During 
the whole of these 18 months of continuous running, only 
one electronic valve has been replaced. 
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A New Digital Computor 


The “401” electronic digital computor was 
exhibited at the Physical Society Exhibition last 
month, It is the first digital computor to be entirely 
conceived and built by a design team in a commercial 
firm, and the first “electronic brain” to be built 
on a full sub-unit principal, aiming at high reli- 
ability, low cost, quick production and flexibility of 
design. Technical papers describing the machine are 

being prepared. 


“401” is a high-speed general purpose electronic digital 
computor, designed and built by Elliott Brothers (London) 
Ltd., under contract from the National Research Development 
Corporation. The machine and the rights in it are owned by 
the Corporation. It follows the lines of other computors in 
having a “store”, an “arithmetic unit”, a “control unit”, 
an input device to take in the instructions and numbers 





The complete computor (with the cabinet doors removed) 


required to initiate a calculation and an output mechanism to 
record the results. “401” differs from other machines in the 
emphasis placed on the reduction of initial and maintenance 
costs by standardization and thorough design of a few basic 
circuits built in the form of plug-in packages. 

The installation comprises three units, a main cabinet 13ft 
by 2ft by 7ft 6in. overall, a test trolley and an operating 
trolley each 2ft 6in. by 2ft 9in. by 4ft in size. The 
main cabinet is in seven sections. Four of these house the 
Operational part of the computor, the other three containing 
the power rectifier and stabilizers fuses and protective circuits, 
meters and air circulating fan. 

The “arithmetic” and “control” functions of the machine 
are placed together in three sections (the logical sections) and 
are entirely in the form of plug-in packages. Common supplies 
are wired in standard form to all chassis. Signal wiring 
between packages in a section is by the shortest route. Con- 
nexions between sections are made “straight over” between 
directly opposing pins on paxolin boards. 

The end section of the machine contains the store, an oxide- 
coated disk, 9’n. in diameter, rotating at 4500 RP.M. The 
whole of the computor operates in serial binary mode at 3ysec 
digit time and digits are recorded and read on annular tracks 
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on the store disk at a spacing (round the tracks) of 160 to the 
inch, corresponding to the 3ysec digit time. Recording and 
reading is by the same head. Timing waves for the computor 
circuits are derived from a “clock” track on the store disk. 
There are 8 recording reading heads in the machine exhibited, 
but a new store is being made with 23 heads. Each track stores 
128 numbers of 32 binary digits each (about 10 decimal digits) 
so that the 8-track model stores 1 024 such numbers or instruc- 
tions. The 23-track model will store nearly 3000 “ words”. 

The operating trolley carries a specially designed photo- 








The magnetic dial store. 


electric reader for the 5-hole teleprinter tape input, and a 
solenoid-operated electric typewriter for printing out results. 
The trolley also carries all the controls necessary for starting 
the machine from complete shut-down and for operating it. 

The test trolley carries out monitor facilities for fault 
diagnosis. There are test sockets on the front of the plug-in 
packages so that in case of fault, using the display trolley, 
diagnosis should usually be possible without going teh'nd the 
machine. Facilities for feeding in numbers and instructions set 
manually on switches are also provided on the display trolley. 

Except when using the display trolley all pulse circuits are 
in the main catinet and connexions with the outside (power 
input and connexions to the control trolley) are filtered against 
interference. 

The plan to make “ 401” was agreed in Septemter, 1952, so 
that only 7 months elapsed between the plan and the opera- 
tion of the machine. 
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Voltage Stabilization 


(Part 2) 


By F. A. Benson*, M.Eng., Ph.D., A.M.LE.E., M.LR.E. 


Thermionic Valve Stabilizers 


The simple series-parallel valve-stabilizing circuit is now 
well known. A general discussion of the design of 
such circuits has recently been given by the author*'. The 
limitations of the additional correcting devices'* for the 
circuits are discussed and some information is given con- 
cerning the choice of rectifier unit and series valve. 
Amplifier design, heater-voltage variations of the valves, 
ageing effects of valves and performance for high-frequency 
components of load current are also dealt with briefly. 

Although good stabilization, adequate for many purposes, 
can generally be obtained by using a single p.c. amplifier 
valve in these circuits, special methods have been suggested 
for improving the amplifier gain. For example, Seely**, and 
also Elmore and Sands**, have described a variety of 2-stage 
circuits. A 2-stage arrangement has also been published by 
Solomon“*. Sulzer** has recently given a further circuit 
in which he increases the voltage-amplifier gain through 
regeneration to a very high value. In fact the gain he 
obtains can be made effectively infinite with resulting 
perfect regulation. 

The common degenerative stabilizer has been extended 
by Dewan** to keep the 200kV accelerating voltage for a 
positive-ion accelerator constant (it is necessary to hold it 
constant to 0-1 per cent). The series valve handles varia- 
tions of several thousand volts. It is controlled by the 
usual amplifier which in turn receives an error signal which 
is the difference between the voltage across a small part 
of a 250MQ bleeder resistor and a reference voltage con- 
sisting of a high-stability glow-discharge tube. 

Taeger*’ has given mathematical analyses for two con- 
ventional low-current circuits, (1) a simple parallel-valve 
stabilizer and (2) a series-parallel arrangement with a glow- 
discharge tube as a reference. Two examples of (1) are 
given for the ranges 218/382V and 130/470V at load 
currents of about 3mA, and one example of (2) for a 
voltage range of 175/300V and a load current of 60mA. 

It might be pointed out that standard cells are now being 
used fairly extensively as reference elements in thermionic- 
valve stabilizers. It is interesting to find that a number 
of circuits using standard cells have been given in a book** 
published a few years ago. 

Tagliaferri and Terra*® have produced a stabilizer using 
triode-connected 807 valves. The rectified and smoothed 
output voltage is compared with a glow-discharge tube 
stabilized voltage and fed through a single-stage amplifier 
to bias the control grids of the 807’s. It is stated that at a 
load of 1kW the output voltage is held to within 1 volt of 
156 for input voltages with 156 + 7V with a time-constant 
less than 0-2sec. 

A stabilized supply whose voltage can be adjusted from 
a few hundred volts down to zero is sometimes required. 
The conventional series-valve stabilizing circuit will not 
function with an output voltage below about 100V because 
too small an anode voltage is then available for the pD.c. 
voltage amplifier valve. Houle*® has described two circuits 
which meet the above requirement. The first circuit is a 
simple one, using an auxiliary negative supply. giving an 
output voltage adjustable between zero and 300V: The 
second circuit is a more complicated one, for the same 
voltage range, using a carrier-type four-terminal pD.c. con- 
trol amplifier. The value of a regulated p.c. supply whose 





* The University of Sheffield. 
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output. voltage is adjustable to zero has been stressed by 
May and Skalnik*'. They have described a supply unit 
giving 0 to 250V. 

Two conventional thermionic-valve stabilizers have been 
described by Wintle*”** and Cahoon™. Wintle’s unit gives 
200V output. It uses two 12E1 valves in parallel as the 
series element and a CV138 valve as the amplifier. The 
reference voltage is obtained from a glow-discharge tube 
type CV287. Cahoon’s stabilizer provides an output voltage 
between 110 and 125V. It employs 6AS7 valves in parallel 
as the series element, a 12AX7 valve as the amplifier and 
a VR75 glow-discharge tube for a reference. 

Templeton®® has produced a power-supply unit giving 
a current of 1mA at a stabilized voltage of 3kV. The 
output voltage is steady to within +1 part in 10‘ over 
periods of 30 minutes. 

Some circuits of conventional supplies for operating 
klystron oscillators have been presented by Harrison*. 

The majority of the thermionic-valve circuits which have 
been described from time to time have provided compensa- 
tion for both variations in supply voltage and load resist- 
ance. Baruch*’ has proposed the use of a regulator which 
provides a low output impedance, but which is not 
primarily intended to operate as a regulator for changes 
in input voltage. Baruch gives the theory of his circuit 
and shows how a zero-impedance supply can be obtained 
by operating the amplifier valve in the region of negative 
anode resistance. 


Stabilizers Employing Grid-Controlled Rectifiers 

Since writing Voltage Stabilizers’ the author has found 
reference to a 350V, 2:5A stabilizer circuit®® which should 
prove to be of great value to many electrical engineers and 
physicists. Regulation is effected by altering the striking 
point of grid-controlled mercury rectifiers type BT35 and 
the principle is well known. A voltage proportional to the 
output is taken from a potentiometer chain and a novel 
method of translating this into phase shift for controlling 
the thyratrons is used. A stabilovolt is used as the refer- 
ence voltage. A circuit diagram with full details for 
construction is given in the report. Standard com- 
ponents are used throughout. The circuit has a nominal 
output of 350V p.c. A variation of 6V is obtained between 
the minimum limit (200V a.c. input and 2A p.c. load) and 
maximum limit (250V a.c. input and zero D.c. load). 


Voltage Stabilization of Van de Graaff Generators 

An interesting article by Taieb** has recently given a 
discussion of the different methods in use for stabilizing 
voltages of several million volts. He also gives a descrip- 
tion of the voltage-regulation system proposed for a SMV 
electrostatic generator which is now under construction for 
the French Atomic Energy Commission. 


Voltage Stabilization in Television Transmitters 

Nind and Leyton®® have recently described the vision 
transmitter for the Sutton Coldfield Television Station in 
which they devote a section to special features of the power- 
supply equipment including stabilization. 

The low-voltage D.c. stabilizers are of well-known types 
but there are some interesting features about the high- 
pointed out that, whereas for low- 
power applications the stabilizing valves are used either, 


202 MAY 1953 





_or bo 


ment 
expla 
volta; 
will ; 
reduc 
mean 
the ' 
opera 
and s 
tion | 


In th 
the o 
parec 
meth 
volta 
80V. 
of tk 


recht 


currt 


obta 
is al 
and 

near 
curr 


to th 
pull 
appe 
and 
way, 
curr 
resis 


ance 
is at 


advi 
(par 
stan 
D.C. 
have 
equi 
and 


MA 


1 by 
unit 


been 
Zives 
. the 
The 
tube 
tage 
allel 
and 


ving 
The 
over 


ting 


lave 
nsa- 
sist- 
hich 

not 
nges 
cuit 
ined 
tive 


und 
yuld 
and 
cing 
and 

the 
vel 
ling 
fer- 

for 
om- 
inal 
een 
and 


na 
ring 
rip- 


for 


ion 
. in 
yer- 


pes 


OW- 
her, 


953 








or both, in series or shunt with the load, the shunt arrange- 
ment is preferred for large-power equipment. This can be 
explained by considering a short-circuit of the output 
voltage. For a series valve all the voltage from the rectifier 
will appear across the valve and also the bias will be 
reduced to zero by the control circuit. This will generally 
mean that the anode dissipation or the peak current of 
the valve will be exceeded before the protective gear 
operates. The shunt stabilizer, however, is not so affected 
and since it needs a rectifier of high regulation no restric- 
tion in this respect is placed on rectifier design. 

The circuit used by Nind and Leyton is shown in Fig. 12. 
In the usual electronic stabilizer of this type a sample of 
the output voltage is obtained from a resistor chain, com- 
pared with a reference voltage and then amplified. This 
method involves a loss which is high when the output 
voltage is about 2-5kV and the reference voltage is only 
80V. The loss is avoided by replacing the bottom element 
of the resistor chain by a valve taking constant anode 
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Fig. 12. The Nind-Leyton high-voltage stabilizer 


current (V,)°. The voltage across the cathode resistor of 
V, is nearly the same as that of the reference voltage 
obtained from V,. The voltage drop across resistor Ra, 
is also constant. Now V, acts like a high-value resistor 
and output-voltage changes are fed to the grid of V, at 
nearly their full value. V, also works at constant anode 
current and the constant voltage drop across Ra, fixes the 
grid voltage of V, at a suitable value negative with respect 
to the earth line. V, and V, form a cathode-coupled push- 
pull amplifier. Thus voltage variations applied to V,’s grid 
appear magnified and in the same phase at the anode of V, 
and are then applied to the grid of the shunt valve V,. In this 
way, if the output voltage tends to rise, V, takes more 
current producing a compensating voltage drop in series 
resistor R (which includes the resistance of the supply). 

Nind and Leyton state that the effective output imped- 
ance of such a stabilizer using a single ACM3 valve as V, 
is about 10 ohms. 

Some brief mention has also been made by Nind and 
Leyton of a.c. stabilization in television transmitters. It is 
advisable to work the filaments of transmitting valves 
(particularly hot-cathode mercury-vapour rectifiers) at con- 
stant voltage for long life and satisfactory operation. 
D.c. electronic stabilizers are also less expensive if they 
have to cater for small changes only in the supply voltage. 
Thus, in the Sutton Coldfield vision transmitter a stabilizing 
equipment is fitted which consists of moving-coil regulators 
and control apparatus. 
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Diode-controlled Regulators 


The author’ has previously mentioned briefly some diode- 
controlled regulators for both a.c. and D.c. operation which 
were developed by Helterline’***. The diode is placed in 
one arm of a bridge circuit, the other arms of which are 
composed of resistors. The filament voltage of the diode 
controls its anode resistance. In America there are now 
several such regulators commercially available in units as 
large as 1SkVA**. The manufacturers claim accuracies of 
0-1 to 0:5 per cent for them. They are finding wide applica- 
tion for providing low values of stabilized voltage at high 
currents. 

The Mazda diode type 29C1 has been produced tor use 
in such regulators. The characteristics of these diodes 
have been studied by Attree**, Seaman and the author** 
and stabilizers using them have been constructed by 
Seaman*®’ and Richards". 

Attree®® has plotted the relation between anode currem 
and anode voltage for several values of filament voltage 
for a number of diodes. He finds that the emission current 
ia and the filament voltage V: are connected by the equa- 
tion in = KV;® where K and £ are constants. Attree 
states that with 50V on the anode and with V; = 40V B 
is 8-5. Thus, according to him a 1 per cent change in fila- 
ment voltage alters the anode current by 8-5 per cent. The 
diode warm-up is complete in 5 minutes and the emission 
current is not affected by variations in ambient tempera- 
ture. It is also found that the diode characteristics can 
be altered by as much as 0:2 per cent by a sharp tap on the 
glass envelope although the initial conditions can usually 
be reproduced by switching off the filament for a short 
time. 

Seaman and the author®* have determined the charac- 
teristics of several diodes and have published static curves 
and life-test figures. The characteristics of the valves were 
found to be of a similar nature but there are large varia- 
tions in anode current at a given filament voltage. It has 
been found that the value of 8 in the expression is = 
KV;® is almost independent of anode voltage in the range 
30 to 100V but it depends on the filament voltage. Values 
of 8 between 8-4 and 9-8 were obtained. 

During life the anode current decreases with time 
although small variations of a random nature occur. A 
drop in anode current of 10 per cent in the first 250 
hours and 25 per cent in the first 1 500 hours occurred at 
a filament voltage of 4-0V compared with 10 per cent in 
500. hours and 25 per cent in 2100 hours for a filament 
voltage of 3-5V. 

Richards** has designed a stabilizer to provide up to 
150W of a.c. power at low voltage (12V or less) with the 
R.M.S. voltage stable to + 0-1 per cent. A 29C1 diode is 
used as the reference element and a saturable choke as the 
control element. The output waveform of the system is 
poor. The output voltage is virtually independent of 
supply frequency over the normal range of mains varia- 
tion. After a warming-up period of about an hour, during 
which a slow drift of 1 or 2 per cent occurs, the long-term 
stability is limited by the diode to +2 or 3 per cent over 
5000 hours. Richards gives sufficient data to enable the 
design of similar systems of different performance to be 
made easily. 

The stabilizer developed by Seaman*®’ is similar in 
principle to the Helterline circuits*?** and work is still con- 
tinuing on it. 

A stabilizer has been described by Attree*® which uses 
a 1T4 miniature valve as the control element and which will 
deliver up to 10W a.c. or 7W p.c. A 10 per cent change 
in mains voltage or a 50 per cent change in load current 
vary the output voltage by only 0-1 per cent. A constant- 
current output can be obtained from the unit by means of 
a simple circuit change. The stabilizer uses a 2kc/s multi- 
vibrator controlled by a series modulator, it is almost 
independent of ambient-temperature changes, has a short 


ELECTRONIC ENGINEERING 








warm-up time and has good long-term stability. The 1T4 
valve is run under reduced filament current conditions. ‘Lhe 
properties of miniature valves types DL66 and 1T4 used 
in this way have been given in a separate article by 
Attree’’. The filament consumption is 12mW in the IT4 
compared with 3-2W for the Mazda 29Cl1 used in 
Richards®* stabilizer. Attree concludes that the perform- 
ance of the 1T4 valve run under suitable operating condi- 
tions as a saturated diode compares quite favourably with 
that of special diodes having pure tungsten filaments. 


Bridge-Stabilizing Circuits 

Several types of bridge-stabilizing circuit have been 
described previously’. In these circuits any number of the 
bridge arms, from one to four, may consist of resistors 
with non-linear volt-ampére characteristics. Attree’’ has 
recently described a tungsten-lamp bridge having a lamp 
in one arm only. The lamp used is a 6°3V, 0-04A torch 
bulb underun because it has been pointed out by Turner” 
and Patchett’* that if a tungsten-filament lamp is run at 
about one half its nominal voltage excellent long-term 
stability is obtained and the effect of ambient temperature 
variations is small. 

Cunningham™ has commented on Attree’s stabilizer and 
mentions that there are two points overlooked by Attree 
and other previous workers. Attree draws attention to the 
fact that a sinusoidal current in the lamp leads to a non- 
sinusoidal voltage across it. Cunningham points out that 
in addition to a sinusoidal component of voltage there are 
also cosinusoidal components at both the frequency of the 
current and three times this frequency. If the frequency is 
sufficiently low, or the current sufficiently high, these co- 
sinusoidal components are no longer of equal amplitude 
as is often and incorrectly stated. 

The second point which Cunningham raises has to do 
with the statement which Attree makes implying that the 
resistance of a lamp is dependent only on the R.M.S. value 
of the current. If by resistance is meant the ratio of the 
amplitude of the fundamental sinusoidal voltage to that of 
the sinusoidal current the statement is not quite correct. 
There is a fluctuation of temperature in the lamp occuring 
at twice the fundamental frequency. When combined 
with the sinusoidal current this fluctuation leads to a small 
additional sinusoidal component of voltage. The additional 
voltage produces a small increase in the apparent resistance 
of the lamp. Cunningham’ has also published a paper 
discussing incandescent lamp bulbs in voltage-stabilizing 
circuits. 


Transductor Voltage Regulators 


It is felt that a brief mention should be made here of 
voltage regulators incorporating transductors. Hedstrém”* 
has described such regulators which have been designed to 
give an output voltage which is constant to within +1-5 
per cent of the normal value with line-voltage fluctuations 
within +10 and —15 per cent of the nominal value, with 
load variations between 0-2 full load and full load and 
power-factor changes from 0°8 to 1. These regulators 
have been produced with ratings from 200VA to 6kVA. 

The Hedstrém type of regulator has also been described 
briefly by Feinberg’’ in a review of transductor principles 
and applications. Incidentally this review contains an 
extensive bibliography on transductors. A further review 
dealing with the basic principles of transductors has also 
been given by Feinberg”®. 

An interesting paper on the design of saturable chokes 
for the control and regulation of alternating currents at 
power frequencies has been given by Double”’. 

Other stabilizers employing transductors have been 
described by Wolff**'*' and Smith** and mention has been 
made of this type of stabilizer by Maddock**. With 
Wolff's equipment regulation is effected at 160/400V to 
within 4 per cent for load currents from 0 to 500mA and 
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with constant line-voltage or for line-voltage changes of 
+10 per cent and load currents from 0 to 300mA. It is 
stressed that the stabilizer is virtually indestructible and its 
life is almost indefinite. 

Smith’s stabilizer supplies 0-6A at 6°3V for valve heaters. 
It has a stabilization ratio of 100 to 1 when the supply 
voltage varies from 10 per cent below normal to 5 per 
cent above normal. For the same output current (.e., 
0-6A) when the load resistance is varied from a short- 
circuit to 33 ohms so that the output voltage rises from 
zero to about 20V the drop in current is 2 per cent. The 
same stabilizer may be used for different output currents 
by suitable adjustments but the best performance is obtained 
for output currents from 0°4 to 0-6A. The reference 
source for the stabilizer consists of a 650V D.c. supply 
stabilized with a series valve controlled by two stages of 
valve amplification, the ultimate reference being a high- 
stability glow-discharge tube. The stabilized output of 
300V is fed through a resistor to the reference winding of 
the transductor. Smith gives some figures for the effects of 
temperature and sudden changes in supply voltage on 
stability. Some information is also presented on the long- 
term stability of the equipment. 


A Low-Power Alternating Voltage Stabilizer 


Martin and Maddock have designed a stabilizer giving 
an output of about 15V with a current drain up to 2mA. 
It is thought it will find its main use as a reference voltage 
because its efficiency is low and the output voltage varies 
with changes in load. The action depends on the change 
of resistance in a semi-conducting material which is voltage 
sensitive. | These materials respond instantly to voltage 
changes so that when used with alternating voltage a cyclic 
variation in resistance would occur and heavy distortion 
would result. Thus, in this case, a large direct voltage is 
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Fig. 13. Low-power alternating voltage stabilizer 


superimposed on the alternating one so that the incremental 
resistance is nearly constant over the cycle and its value is 
controlled by means of the direct voltage. 

The circuit arrangement of the stabilizer is shown in 
Fig. 13. The semi-conducting elements are Metrosil disks 
and the resistance they give to the a.c. circuit depends on 
the p.c. flowing through them. The pD.c. is also a function 
of the input supply voltage from which it is obtained. The 
input and output voltage relationship can by suitable 
choice of circuit values be made of the form shown in Fig. 
14 which shows two turning points. Variation of circuit 
values separates the turning points further or brings them 
closer together. In this way a small change of output 
voltage AV, corresponds to a large change of input voltage 
AV; (Fig. 14). The thermistor is fitted to compensate for 
the temperature-sensitivity of the Metrosil disks. The direct 
voltage is made about ten times the a.c. one so that for this 
case of 15V a.c. (7:5V from each disk) a direct voltage of 
75V is required. In Fig. 13 there is a direct connexion 
between input and output terminals. To isolate these it is 
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necessary to use a double-wound transformer with a centre- 
tapped primary instead of choke L,. 

With this circuit, changes of alternating voltage of 
230 + 17 per cent produce changes of only + 0-1 per cent 
in output voltage. 
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Fig. 14. Possible input-output voltage curve for the 
low-power alternating voltage stabilizer 


Stabilized Heater Supplies 


There are now many electronic applications which 
require the heater voltages of valves to be kept constant. 
Elmore and Sands** have given a complete circuit diagram 
with component values of one stabilizer which supplies up 
to 15A at 6:3V and which copes with line-voltage varia- 
tions from 105 to 125V. 

In this circuit the R.M.Ss. value of the heater voltage is 
stabilized. Operation depends on the change in resistance 
of a tungsten-filament lamp when the current through it 
is changed. A number of special type lamps in series are 
placed in opposite arms of a Wheatstone bridge which is 
fed directly by the 6:3V supply voltage being stabilized. 
Low-temperature-coefficient resistors are fitted in the other 
two bridge arms and chosen so that the bridge balances 
in the range 6/6-3V. When the input voltage is higher 
than the voltage for balance the bridge output voltage will 
have one phase but if the input voltage is lower than the 
voltage for balance the output voltage will have the 
Opposite phase. The bridge output voltage is amplified 
and is then used to add to, or subtract from, the supply 
voltage to the primary of the heater-supply transformer. 

Woodville** has suggested an improved heater-chain 
arrangement for A.c.-D.c. television receivers. He proposes 
that two parallel chains be used, a critical one, containing 
the heaters of time-base valve, vision detector and cathode- 
ray tube and fed via a barretter and a second chain, group- 
ing all the remaining valves, fed via a thermistor. 

Brown*® has described a unit which provides a D.c. 
heater supply of 20W suitable for use with an ion source. 
The stability of the emission current is +0°4 per cent for a 
mains supply voltage change of + 10 per cent. Two 12El 
valves act as a multivibrator which has a frequency of 
oscillation of about 1kc/s. A pulse transformer connected 
between the anode of the 12E1’s supplies substantially 
square pulses of current to a bridge rectifier which feeds 
the heater. The voltage supplied to the heater is dependent 
on the current in the 12E1 valves during their conduction 
periods and a suitable control circuit is given by Brown. 

An interesting article has been written by Vance and 
Shumard*’ describing a regulator for supplying the 6V 
filaments of some 4000 valves in a computor. In this case 
an error signal acts through a chopper, amplifier and 
limiters to control (by phase control) the firing time of 
thyratrons in the primary windings of three-phase trans- 
formers. The voltage reference used is obtained from a 
specially stabilized 300V supply that is itself referenced 
against a glow-discharge tube. 

The demands of a thermionic ion emitter with regard to 
heating power stability have been stated by Reuterswird**. 
He has also given characteristics and details of a stabilized 
A.c. supply by means of which ion currents constant to 
some tenths of 1 per cent are obtained. He uses a novel 
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circuit which delivers 15SW. A block diagram of the equip- 
ment is shown in Fig. 15. It consists of a power amplifier 
with negative feedback and fed by an oscillator. The 
oscillator is controlled by the rectified output voltage from 
the amplifier after comparison with the reference voltage 
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Fig. 15. Stabilized heater supply 


from a high-stability glow-discharge tube type 85Al1. 

Another unit for supplying heater currents at voltages. 
from 2:5 to 6V constant to within +0-1 per cent has been 
described by Helmes**. In this case variation of output 
voltage produces a deflexion in a mirror galvanometer 
which controls the illumination of a photocell. The photo- 
cell governs the anode current of a valve which feeds the 
primary of the output transformer. 

The reader should note that other schemes for obtaining 
stabilized heater supplies have been mentioned in other 
sections of this article. 


Some Miscellaneous Circuits 


Collinge and Marsham*® have described a stabilizer 
which gives a continuously variable alternating voltage 
that is independent of mains frequency variations and is 
free from waveform distortion. The output voltage is held 
constant to within +0-5V by electronic control of a 2KVA 
Variac. An output voltage in the range of the Variac can 
be obtained. The output voltage from the Variac is recti- 
fied and compared with a glow-discharge tube stabilized 
direct voltage. An error signal thus produced is amplified 
and operates a servo system consisting of a reversible motor 
generator which is geared to the Variac shaft. A similar 
stabilizer has been produced by Long*' and a small modifi- 
cation of this has been suggested by Thomas’’. 

Improved stabilization has been obtained from a glow- 
discharge tube by Armitage** who has employed a barretter 
in place of the normal series resistor. Similar arrange- 
ments have been investigated by Smith’ and Kessler*’. 
It is probably now well known that Gilvary and Rutland®* 
have shown how improvements in the performance of a 
voltage stabilizer of the glow discharge tube type can be 
obtained by connecting the tube across the output of a 
current-stabilized power supply. 

The advantages of cold-cathode valves over filament ones 
for low-power applications have been stated by Goulding*’ 
in a very interesting article. Goulding proceeds to des- 


‘cribe an arrangement in which a cold-cathode gas triode 


behaves as a D.c. amplifier. This type of amplifier is shown 
to possess certain desirable characteristics when used as a 
voltage stabilizer in low-current circuits. From the des- 
cription of the amplifier given it is evident that a cold- 
cathode triode may be used as a parallel-valve stabilizer. 
By virtue of the fact that the valve passes no current until 
the grid voltage reaches a certain value the amplifier can 
be regarded as supplying its own reference voltage, 
Goulding gives some examples of stabilizing circuits and 
compares them with two-electrode stabilizers. 

Wight*® has dealt with the problem of maintaining con- 
stant the intensity of a light source. An extra lamp is used 
in series with the lamps whose intensities are to remain 
constant. A D.c. supply feeds the lamps and the extra lamp: 
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acts as an automatic control. This particular lamp illumi- 
nates a photocell which provides an input to a D.c. ampli- 
fier. The output current from the amplifier froms part 
of the lamp current. Increase in lamp intensity decreases 
the amplifier output current and this tends to maintain 
constant intensity. The amplifier is of conventional form 
and coupling is by means of batteries. Wight gives curves 
showing the stability obtainable over a period of several 
hours and the effect of mains voltage variations. 

Vance and Shumard®® have given details of supplies 
producing 0-001 per cent regulation which are required 
for the anode and grid voltages of about 4000 valves in 
a certain computor. The anode supplies give +300 and 
—300V at 20A and the grid supplies give +75 and —75V 
at 6A and —500V at 3A. The full regulation of the 
+300V supply is obtained in two stages. In the first, 
called the pre-regulator stage, a moderate degree of regu- 
lation is obtained by using grid control on thyratron 
rectifiers. The output voltage of the pre-regulator stage is 
fed to the second stage stabilization, called a super-regu- 
lator, which is a servo-stabilized p.c. amplifier. These 
power supplies are interesting because of the high degree to 
which some of them are stabilized and their particularly 
high current ratings. 

A continuously variable p.c. output voltage from 0 to 
300V with stabilization to within 0-1V has been obtained 
by Houle’”’. He employs an oscillator which feeds a small 
signal to an a.c. amplifier. In series with the amplifier in- 
put is a germanium diode connected so that the p.c. control 
#ignal varies the diode bias current. The amplifier output 
is rectified. 

Jennings'*’ has published an article covering the more 
popular types of stabilizers and control units and has des- 
cribed a recently-developed control unit for use with 
electro-mechanical type regulators. He also gives a good 
deal of information on magnetic amplifiers. 

Mention should be made of a method described by 
Mulverry’” for measuring very small changes in the ratio 
of V to J’ in the electron microscope, where V is the elec- 
tron accelerating voltage and / the lens exciting current. 
Since it is comparatively easy to measure and stabilize the 
fens current independently the method can be applied to 
measure the stability of the high-voltage supply, the slow 
variations of which are quite difficult to measure directly. 
Mulverry states that variations in accelerating voltage of 1 
part in 50000 have been readily measured. 
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operation of a straight-edge laid between the 
required points on the scales. 


Example 1 


A large centrifuge with an arm of 10ft diameter 
rotates at 264 r.p.m. At what radius must a test 
specimen be positioned in order for it to experi- 
ence a force equivalent to 100g? 

Converting the speed to cycles per second, 4-4 is 
set off along scale “A”. A rule is placed between 
this point and 100g on scale “B”. The required 
radius is read off from scale “C” and is 4-21ft. 


Example 2 


The conductors laying along the length of a 
motor armature 104in. diameter rotate with the 
armature at 2 400 R.p.M. What is the force acting 
to throw them off the armature? 

Converting the speed to cycles per second, and 
the radius to a fraction of a foot using the con- 
version scale, the values 40 and 0-4375 are set off 
on scales “A” and “C” respectively using the scale 
calibrations indicated by the circled numbers. A 
rule joining these points yields the answer at the 
intersection with the central scale, i.e., 855g. 
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The Use of Nickel in Valves 


By K. Jackson*, B.Sc., A.I.M. and R. O. Jenkins*, A.R.C.S., D.LC., F.Inst.P., Ph.D. 


be manufacture and operation of thermionic valves 
impose special requirements upon the materials used in 
their construction. The various metal components have 
widely differing functions, each requiring individual metal- 
lurgical consideration. With few exceptions, nickel or a 
nickel alloy is found to satisfy these needs; indeed, for 
certain purposes there are no satisfactory alternatives’. 


General Requirements for Metals used in Valve Con- 
struction 

It is obvious that any metal used in valve construction 
should allow fabrication of the components by mass pro- 
duction methods. This implies that the metal should in 
general be ductile and capable of being formed by the 
usual processes of metal working. Scarcely less important 
is the property of spot-welding readily to itself and other 
metals used in manufacture, since this permits the rapid 
assembly of components without the introduction of other 
and perhaps deleterious metals. Nickel fulfils the above 
requirements admirably, since it is readily cold worked 
and can be spot-welded both to itself and to molybdenum 
and tungsten. These properties are shared by many alloys 
containing nickel as a base. 

Nickel offers considerable resistance to corrosion under 
normal atmospheric conditions. The problems of storage 
of large numbers of components are therefore much 
reduced, compared with iron or steel parts for example. 
Similarly the heat treatment of nickel is simplified because 
of the ready reducibility of nickel oxide in hydrogen, 
even in the presence of water vapour. 

Many components in valves are heated to high tem- 
peratures during manufacture or in service. This is 
particularly true for the cathode which may run at tem- 
peratures in excess of 1 800°C for the “ bright emitter” 
types. The only satisfactory metals which can be employed 
are the refractory group and the use of tungsten is 
universal. For the alkaline earth coated cathode, the usual 
operating temperature lies between 700°C and 800°C and 
the cathode structure must be capable of withstanding this 
temperature indefinitely without dimensional change or 
sagging. In addition the cathode may be heated to 1 100°C 
for a short period during manufacture and must be able 
to withstand this treatment. Although the demands upon 
other components are not so stringent, it is necessary that 
they should not distort or sag during the sealing-in opera- 
tion, nor during the high temperature out-gassing of the 
electrodes, employed to remove the traces of gas which 
would otherwise interfere with valve operation. 

The melting point of pure nickel is 1 453°C and the 
boiling point is 2 700°C. The strength of nickel is adequate 
to meet the normal requirements for valve parts running 
at 800°C under low loads, and short periods will with- 
stand the higher activation temperature. At temperatures 
above 1 000°C the vapour pressure is sufficiently high to 
cause deposition of nickel films on cold structures, but this 
usually becomes serious only where the temperature is 
maintained for a considerable length of time. 


Gases in Nickel 


The presence of gases in metals is an important problem 
since metal parts, at elevated temperatures or under elec- 
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tron bombardment, may liberate gas which interferes with 
normal operation. A study of the gases liberated from 
nickel* shows that the resulis vary considerably with the 
methods of production and fabrication used. Traces of 
grease or oxide at the surface may greatly increase the 
effective gas content. When care is taken to avoid surface 
contamination, the gas obtained from the body of the 
nickel is found to be mainly hydrogen and carbon 
monoxide, with smaller amounts of carbon dioxide (see 
Table 1). Carbon monoxide and dioxide do not originate 
as molecules, but are formed by diffusion to the surface 
and subsequent reaction between oxygen and carbon atoms 
present in solution in the nickel. The removal of carbon 
monoxide from nickel is a slow process, requiring tem- 
peratures of about 1 000°C for completion. It is therefore 
preferable to limit the formation of carbon monoxide by 
using nickel with low oxygen and carbon contents. 

Hydrogen diffuses particularly rapidly through nickel, 
even at temperatures as low as 500°C. It is therefore 
possible to ‘“ de-gas” nickel in hydrogen at high tempera- 
ture, subsequently using a low temperature treatment in 
high vacuum to remove hydrogen during processing of 
the valve. 


TABLE 1 
Gases from Commercial Nickel 
(99°14 per went purity, degreased Imm wire) 








| cc/100GM 
Hydrogen ie i | 0-43 
Carbon dioxide | 1-81 
Carbon monoxide .. | 0-22 








Indirectly Heated Cathodes 


This type of oxide-coated cathode incorporates a heater, 
electrically insulated from the cathode proper. Such 
cathodes are usually operated from a.c. power supplies 
where relatively high thermal mass is advantageous and 
power consumption not of major importance. The cathode 
structure can therefore be located under low stress by 
insulating supports such as punched mica disks. The 
nickel shell acts as a conducting support to the oxide coat- 
ing. Very pure nickel is not generally suitable as the 
cathode material, since the initial development of 
thermionic emission depends largely on small amounts 
of “activating agents” present in the nickel. At high 
temperature, these agents chemically reduce a _ small 
amount of barium oxide, thus providing free barium 
necessary to activate the barium-strontium oxide emitting 
surface. It is known that this interaction between activator 
and coating does in fact take place, since a compound is 
often formed between coating and metal. 

Typical elements used as activators are: magnesium 
(forming a magnesia interface), silicon (barium ortho- 
silicate), titanium (the titanate), and aluminium (the 
aluminate). Magnesium is the most commonly used of 
these, in amounts of 0°05-0-15 per cent. It has the highest 
rate of activation of those listed and the magnesia inter- 
face does not appreciably alter the thermal emissivity of 
the cathode, so that its temperature for a given power 
input is similar to pure nickel. Silicon, a somewhat slower 
activator, forms a relatively thick interface which tends to 
become an insulator when no anode current is drawn. 
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Silicon-nickel is not therefore used where the valve 
operates for considerable periods in the stand-by condition, 
e.g. in computors, since the interface resistance may 
increase sufficiently to interfere with operation. In mercury 
vapour filled valves, however, the silicate interface may be 
advantageous since it appears to protect the underlying 
nickel from mercury attack while the valve is in storage. 
The properties of interface compounds. and their relation 
to valve performance have been recently reviewed‘. 

Wherever the nickel for cathode manufacture contains 
an element used as an activator, the composition limits 
must be carefully specified. Too low a concentration would 
slow the activation process, while excess may lead to the 
formation of excess barium, heavy interface formation 
and, for magnesium, the evaporation of magnesium films 
on the surrounding electrodes. For this reason it is often 
desirable to limit the magnesium content to 0-1 per cent. 
Work is continuing on the various activators, and the use 
of about 01 per cent aluminium has recently been 
advocated’. 

While the presence of small amounts of activating agent 
is important for satisfactory emission, certain other 
impurities, principally chlorine and sulphur, are deleterious 
and may even poison emission completely. Chlorine is 
unlikely to be a contaminant of nickel, except by corro- 
sion due to atmospheric contamination, and chlorine- 
containing degreasing agents which have become acidic. 
Sulphur is a common impurity in metals and, since a 
sulphur content of 0°02 per cent in nickel is sufficient to 
reduce emission below a workable value, a maximum 
sulphur content of 0:005 per cent is specified for use in 
cathodes. The presence of magnesium and manganese may 
offer some protection and the attacked layer may be super- 
ficial, so that the mechanical properties of the nickel are 
unimpaired. Nevertheless, the considerable effect of sulphur 
on thermionic emission is usually specific enough for the 
cause to be recognized. When present at the internal surface 
of the cathode, the sulphur may have another damaging 
effect by reducing the insulating properties of the alumina 
between heater and cathode. This results in heater /cathode 
leakage, the insulation often being reduced by a factor of 
100. 

Sulphur contamination may be caused by the incomplete 
removal of sulphonated drawing oils before annealing, but 
is more often caused by leakage of sulphur-containing gases 
from gas-fired annealing furnaces into the chamber con- 
taining the charge. The use of an inner tube separated from 
the furnace proper does not ensure freedom from con- 
tamination since this tube may itself be attacked and serve 
as a source of sulphur. The best safeguard is the use of 
electric furnace heating with a cracked ammonia or hydro- 
gen atmosphere to protect the charge. Where gas heating 
is necessary, every care is required to remove surface 
attacked metal during manufacture and to check equipment 
regularly for leakage. 

Nickel prepared for indirectly heated cathodes is 
generally called “0” nickel in this country, and the equiva- 
lent “220” nickel is used in the U.S.A. (see Tables 2 and 
3). Owing to its high general purity, electrolytic nickel is 
usually used as a basis for manufacture. The small amount 
of cobalt that is always present has little effect on cathode 
performance. Iron is usually present, but is not known to 
produce any effect in quantities below 0-2 per cent. 

Until recently little attention was given to the physical 
nature of the cathode surface, although this is an important 
factor in determining the adhesion between nickel and the 
coating. While the chemical cleanliness of the surface is of 
utmost importance, a smooth highly polished surface pro- 
duced for example by electropolishing is equally unsatis- 
factory since there is no “keying” between coating and 
metal. Coating adhesion problems are usually solved by 
varying coating techniques. A more satisfactory solution 
is the development of techniques for manufacturing nickel 
tubing or sheet with a clean and slightly roughened surface. 
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There is evidence that at least one American manufacture1 
is attempting this. 























TABLE 
Composition Limits for ‘‘ 0” Nickel and “ 220” Nickel 
| “*O” NICKEL ** 220” NICKEL 
Nickel cobalt | 99-5 MIN. an 
Copper .. ae 0-1 MAX. 0-2 MAX. 
Iron 0-2 MAX. 0:2 MAX. 
‘Manganese 0-15 MAX. 0-2 MAX. 
Carbon .. oii 0:04 MAx. 0-08 MAx. 
Silicon ; 0-01-0-10 0-05-0-07 
Sulphur .. 0-005 MAx 0-008 MAX. 
Magnesium 0-07-0°15 MAx 0:01-0:10 
TABLE 3 
Physical Properties of “0” Nickel 

Melting point 1435-1445°C 

Density .. 8-9gm/cc 
Specific heat 0-13cals/gm 
Coefficient of expansion 13 x 10-* 

Electrical resistivity 9-5 microhm cm 
Electrical resistivity temperature 
coefficient .. | 0:004-0-005/°C 

Tensile strength 50 000-80 0001b/sq. in. 
Yield point (0-2 per cent offset) 10 000-30 0001b/sq. in. 














Directly Heated Cathodes 


In this type of oxide-coated cathode, the current passing 
through the cathode raises it to the operating temperature. 
It is used where insulation between the heater and cathode 
is unnecessary, as in many rectifier valves, or where the 
heating current is drawn from storage or dry cells. In the 
latter, the power supplied to the heater must be kept to a 
minimum and this is achieved in the directly heated cathode 
by using a thin wire or ribbon, to give a low thermal mass 
and high resistivity. Cathode rigidity is maintained by 
spring tension which must be adequate to avoid micro- 
phony, and the operating temperature must be high enough 
to give the necessary emission. The alloy used must operate 
for a considerable period without breakage occurring, in 
addition to fulfilling emission requirements similar to the 
indirectly heated cathode. 

For the 1-4V 50mA valves designed to run from a dry 
cell, the cathode is a wire 23mm long, 0:023mm diameter, 
0-lmgm weight and of 0°5gm tension. The directly heated 
cathode thus has to meet conditions similar to the 
creep and rupture tests used when examining metals for 
high temperature service. Normal test pieces, however, 
contain many grains per cross-section, while in the cathode 
filament the grain size can be of the same order as the 
diameter. The wire thus effectively becomes a series of 
single crystals placed end to end*®. Creep and failure for 
such a system may be unrelated to results obtained on 
larger polycrystalline specimens, although stress and tem- 
perature still strongly affect the time taken until failure by 
breakage of the wire, i.e. “mechanical life” as distinct 
from “ emission life” 

The effect of surface conditions on wires of small 
diameter can be very marked, and the nature of the core- 
coating interface can alter the time to failure appreciably. 
Because of the relative amount of surface area and the 
number of grains per cross-section, the mechanical life 
of the filament is dependent upon cross-sectional area, 
increasing markedly with increasing diameter for given 
stress and temperature conditions. 

Pure tungsten and alloys based on nickel have been 
used as core materials for directly heated cathodes. Tung- 
sten has the advantage of remarkable strength at high 
temperatures which removes any difficulties due to filament 
breakage. The emission is not usually so satisfactory as 
with nickel alloys, however, and the low resistivity and high 
thermal conductivity introduce design problems owing to 
system length or the much smaller wire diameter required. 
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For valves with a rating above 50mA, alloys which are 
essentially nickel with an added activating agent can be 
used. The percentage of activator is usually higher than 
is used in indirectly heated cathodes, since the ratio of 
coating to core weight is higher. Typical alloys used for 
100mA cathodes are nickel, 0-4 per cent aluminium and 
nickel, 0-25 per cent magnesium. For higher ratings, “0” 
nickel is used except for mercury vapour rectifiers where 
nickel-silicon or nickel-cobalt-silicon is preferred. The life 
performance and hot resistivity of these alloys are, how- 
ever, inadequate for use in the lower rating valves which 
need smaller diameter wire. In certain directly heated 
valves with high wattage filaments, design considerations 
call for short filamentary cathodes. Filament length is 
kept to a minimum by using high resistance alloys, a nickel 
alloy containing 20-40 per cent cobalt being suitable. 

The range of alloys for use in small battery-operated 
valves is seriously limited by the need for producing and 
maintaining satisfactory thermionic emission. Elements 
such as chromium and molybdenum, which have a pro- 
nounced strengthening effect on nickel, are unsuitable addi- 
tions because of the formation of undesirable interface 
compounds. Only small quantities of titanium, silicon 
Magnesium, aluminium or zirconium may be added, since 
larger amounts will either over-activate the coating or 
form a heavy interface layer. The metals which can be 
alloyed with nickel in substantial amounts are limited to 
tungsten and cobalt, both of which have an extensive solid 
solution range in nickel. Carefully controlled smaller 
quantities. of activators can then be added to improve emis- 
sion or increase life. 

Alloy N93 used in directly heated filament cores has the 
composition nickel, 2 per cent tungsten, 1 per cent 
aluminium, 0-2 per cent carbon, and is prepared by melting 
nickel in air and de-oxidizing it with carbon to leave the 
preferred amount of carbon present. The remaining con- 
stituents are then added and the melt cast’. The alloy 
shows good working properties and can be rolled, swaged 
and drawn to 0-001lin. wire required for 50mA rating valves. 
Life tests of the alloy in valves show good performance 
when the coating is applied as a sludge and sintered on 
to the wire at high temperature. If coatings are applied 
by cataphoresis, not involving high temperature treatment, 
results are not so satisfactory. The core-coating interface 
formed with drag coating may have a beneficial effect. 

Alloy N100 is a development of N93 in which 0-2 per 
cent magnesium is added to the latter’s composition. This 
causes considerable improvement in the mechanical life 
performance of the filament and an increased rate of 
activation. 

The quantity of metal required for the manufacture of 
alloys for filament wires is small, most of the manufactur- 
ing cost going into the drawing of the alloy to fine sizes. 
Processes giving close control of the alloy composition or 
beneficial properties to the finished wire are therefore used. 
Decisive advantages are offered by powder metallurgy 
techniques, on which most research and production at the 
G.E.C. Research Laboratories have been based. 

The further development of alloys for directly heated 
filaments rests largely on a better understanding of the 
mechanism of failure and of the effects of the coating-core 
interface and finely dispersed oxides on the mechanical life. 
Although the nickel-aluminium-tungsten-magnesium alloy 
has given satisfactory service for the 0-023mm filament size, 
present trends in battery valves call for smaller wire 
diameter to meet the low filament ratings. There is no 
guarantee that this alloy is capable of meeting these require- 
ments, nor does the material appear capable of giving a 
satisfactory life at temperatures above 800°C with the 
spring tensions necessary to avoid microphony. 


Anodes 


In most valves, the choice of material for the anode 
is not so critical as for the cathode. The metal should be 
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able to withstand temperatures of 800°C without sagging, 
should possess a low gas content and should be readily 
degassed during pumping. In the higher rating valves, the 
considerable heat generated at the anode must be dissipated 
by radiation, so that the outer surface should be 
blackened to improve radiating efficiency. Nickel fulfils 
these requirements admirably, except for the last provision 
and the anode temperature must be reduced by a special 
coating to produce the matt black surface required. This 
coating is usually of carbon, which has a radiating efficiency 
of 80 per cent black body compared with 20 per cent for 
bright nickel. 

The purity of nickel required for anode use is generally 
not so high as for the cathode, although any volatile 
impurities present may reach and poison the cathode. Con- 
tamination by sulphur, introduced during annealing treat- 
ment in gas-fired furnaces or by sulphonated lubricants, 
may also cause difficulties. 

The quantity of nickel used in anode construction is 
high compared with that used in cathode manufacture, and 
the nickel shortage has prompted attempts to find alterna- 
tive materials. One of the most promising is aluminium- 
coated iron, prepared by rolling together aluminium and 
pure iron sheet with suitably cleaned and roughened sur- 
faces. A sufficiently great reduction in thickness causes the 
metals to cold-weld and the resulting bimetal sheet with- 
stands forming and bending without separation. The 
material cannot, however, be fully annealed before shaping 
because of embrittlement due to the formation of an 
aluminium-iron compound. This alloying is a considerable 
advantage at a later stage since, on heating the anode 
during outgassing, formation of this compound roughens 
and darkens the outer surface of the anode, producing a 
good radiating surface. On grounds of cost and con- 
venience, this material may replace nickel as the major 
anode material, provided supplies become available in 
quantity. As a further improvement, successful attempts 
have been made to prepare iron, clad on one side with 
aluminium and on the other with nickel. In operation, the 
cathode faces a nickel surface, while the aluminium forms 
the radiating outer surface. By this means, the slight 
poisoning of the cathode due to gas released from the 
aluminium-iron anode surface may be reduced. 


Support and Grid Wires 


Large quantities of nickel and manganese-nickel wire 
are used as lead and support wires where considerable 
strength is not required. The principle advantages here, 
apart from purity and freedom from _ contamination, 
are the reasonable conductivity and good spot-welding 
characteristics. 

The wire used in winding the grid assemblies in receiv- 
ing valves is almost always molybdenum or a nickel alloy. 
Molybdenum has considerable advantages in _ high 
strength, and also very good resistance to dimensional 
changes during heat-treatment and subsequent assembly 
and manufacture. Its disadvantages are the high cost, 
brittle patches and ease of oxidation. The last-named 
necessitates considerable precautions during sealing to 
avoid molybdenum oxide formation which damages cathode 
emission. Where possible, the use of 5 per cent manganese 
nickel is preferred since this alloy has a reasonable tensile 
strength with low grid emission. Its main disadvantage is 
that the stress relief temperature is lower than that of 
molybdenum. There is a danger that, at the “lighting” 
stage of valve manufacture, the grid may reach a tempera- 
ture sufficient to cause relief of residual stress resulting in 
distortion of the winding wire and alteration in the con- 
ductance of the valve. The side rods of the grid are usually 
of pure nickel or manganese-nickel unless the grid 
temperature is sufficiently high to give trouble by grid 
emission; when copper or chrome-copper is preferred 
because of its higher thermal conductivity which enables 
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the heat to be conducted away to radiators and to the foot | 
tube. 


Conclusion 


The manufacture of valves demands closer control of 
metal purity and alloy composition than is usual for other 
applications. It is hoped that this article has explained 
some of the metallurgical problems in valve construction 
and how they are being met. The subject is of importance 
both to those engaged in making the valves and to 'those 
seeking to provide the metals required, and work in this 
field calls for close co-operation between the valve engineer 
and the metallurgist. 

The nickel alloys used in valve components are sum- | 
marized in Table 4. 























TABLE 4 
Nickel Alloys Used in Valve Components 
APPLICATION ALLOY | NOMINAL 
| COMPOSITION 

INDIRECTLY HEATED | “0” Nickel | Ni and Co. 99-5 

CATHODES (INCO “220” | percent minimum 

(U.S.A.)) | and controlled Mg 
DIRECTLY HEATED | 
CATHODES 
Battery-operated 0:25 per cent Mag- | As given | 
valves nesium nickel | 

Do. Do. | 0:4 per cent Alu- | As given 

| minium nickel | 
50mA rating range § N93 2 per cent W, | | 
| 0:2 per cent C, | | 
| 1 per cent Al, | | 
| balance Ni. 

Do. Do. | N100 | 2 percent W, | per 
cent Al, 0-2 per 
cent Mg, 0:2 per 

| | cent C, balance Ni 
MERCURY RECTIFIER | Cobanic | 40 per cent Co, | | 
| 0:20 per cent C, | | 
| 0-2 per cent Si, 
balance Ni. 
ANODES AND sup-| “A” nickel Ni and Co., 99:0 
PORT WIRES | “G.F.A.” nickel | percent minimum 
GRIDS 
Winding wires and | 5 per cent man- | 4:5-5-5 per cent 
side rods ganese nickel Mn, balance Ni. 
VALVE SPRINGS Nimonic 15-21 per cent Co, 
18-21 per cent 
Cr., 5 per cent 
maximum Fe, 
balance Ni. 
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THE DECCAPLOT 


The Decca Radar Plotter, the “Deccaplot”, may be used 
with any Decca type 12 radar display. It is designed to 
allow direct plotting on the face of the radar display and 
thus ensures extreme rapidity and accuracy in forecasting 
movements of other vessels. It allows direct measurements 
of distances and times, it provides a quick and positive 
method of distinguishing fixed marks such as buoys and 
light vessels and enables ones own course and speed to be 
precisely determined when passing a fixed point such as 
a headland which may be obscured to the eye by dark- 
ness or fog. The principle of the Decca Radar Plotter is 
simple and foolproof, there are no adjustments to make 
and it does not obscure the normal radar picture in any 


| way. 


If the navigator plots directly on the normal radar 
screen, a serious parallax error is caused by the screen being 
some distance above the actual radar picture. Such a 
method of plotting would obviously be impractical and 
the Decca Radar Plotter has been developed so that plots 
made over the p.pP.1. display will always coincide with their 
radar echoes no matter from where they are observed. 
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Fig. 1. The principle of the Deccaplot 


Fig. 1 shows the method of construction and illustrates 
how a reflexion of any mark made on the Perspex plotting 
surface will always coincide with its corresponding radar 
echo on the screen below. A partially reflecting mirror 
is placed between the P.p.1. screen and the Perspex plotting 
surface. This plotting surface is curved to match exactly 
the opposite curvature of the p.p.1. screen. If a pencil is 
placed at A and the eye of the observer is at 0,, light rays 
originating at A will strike the partially reflecting mirror 
at B,. To the observer, this will appear to have originated 
at A,, (an extension of the line 0,-B,) and since both the 
plotting surface and the p.p.1. are equidistant from the 
mirror, the point A will appear to be on the face of the 
P.P.1. at A,, which is directly below A. It will also be seen 
that if the observer moves his position to 0,, the point A 
will not change its apparent position at A, position. 

The plotting screen is edge-illuminated so that a wax- 
pencil mark will show up clearly on the radar picture. 
These marks are easily removed by wiping with a cloth. 
When the plotter lighting is switched off, the marks cannot 
be seen and the p.p.I. picture will be observed normally. 
The complete unit fits directly on the front of the Decca 
12-inch display and can be simply removed when not 
required. It is constructed in cast light alloy and finished 
to match the display unit. 

A completely water- and weather-proof sea-going radar 


| equipment has also been introduced recently by the Decca 


Company. This has the great advantage that it can be 
installed on an open bridge in full view of the man at the 
wheel—an important point when navigating in crowded 
waters in poor visibility. 
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The 37th Physical Society Exhibition 


A review of some of the more interesting exhibits shown at the Physical Society's Exhibition, 
held at Imperial College, South Kensington, from April 13th to 17th. 


Allied Electronics 
60Mc/s Amplifier 
T= unit is submitted as an example 
of miniature technique as supplied to 
a stagger-tuned amplifier. 

The overall dimensions of the instru- 
ment are llin. by 2}in. by ljin. Fora 
mid-band frequency of 60Mc/s_ the 
voltage gain and bandwidth are 1000 
and 15Mc/s respectively. 

(Exhibited by courtesy of the Ministry 
of Supply.) 

Peak to Peak Millivolter 

This instrument is designed to meet a 
demand for a source of low frequency 
ac. for calibration of amplifiers and 
oscilloscopes, and includes a screened and 
balanced transformer, a calibrated attenu- 
ator and a metering circuit. The voltage 
available at the output terminals is con- 
tinuously variable from 100 microvolts to 
100 volts and may be read directly on the 
scale of the instrument; the arrangement 
of the multiplier dial is such that only 
powers of ten are involved. The instru- 
ment may be connected directly to the 
A.C. Mains as a source of 50c/s, or may 
be used with an audio-frequency oscilla- 
tor. Applications have been found in 
many fields from biology to fuel 
research. 

Allied Electronics, Ltd., 
28 Upper Richmond Road, 
London, S.W.15. 


Baird and Tatlock 
Self Balancing Photoelectric Absorptio- 
meter and Electronic Potentiometer 
(Illustrated below) : 
5 thoes continuous flow  self-balancing 
absorptiometer is an instrument for 
detecting and giving continuous indica- 
tion of small changes in colour density 
of a liquor flowing, for example, in a 
chemical process, The instrument is 
intended for use in conjunction with a 
potentiometer employing an electronic 
continuous balance measuring system. 

As the result of co-operation between 
Baird and Tatlock (London), Ltd., and 
Honeywell-Brown, Ltd., of Perivale, 
Middlesex, the combined apparatus is 
now available. 


Electronic Speed Control Unit for Small 
Laboratery Motors 

With this unit small shunt wound p.c. 

motors up to about 1/20 H.P. may be 

operated from 50c/s A.c. mains with a 
wide range of speed control. 

Fairly constant torque from nearly 

zero up to the rated speed of the motor 
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is obtained by varying the armature 
current with constant maximum field. The 
speed range can be further extended to 
about twice the rated speed with a 
constant horse-power characteristic by 
maintaining constant maximum arma- 
ture current and reducing the field 
strength. The unit provides for revers- 
ing the direction of rotation of motors 
with brushes set at neutral, and includes 
a dynamic braking resistor which can 
be automatically connected when the 
motor is switched off. 


Baird and Tatlock (London), Ltd., 
Chadwell Heath, 


Essex. 

Cintel 
HE exhibit this year is the new 
“Cintel” flying-spot microscope 


which has been designed to overcome a 
number of the disadvantages inherent in 
conventional microscopical technique and 
is capable of presenting a picture of 
high definition and large magnification 
with low noise level. 

Some of the advantages offered by 
the “Cintel” equipment are outlined 
below. 

(1) The size and intensity of the 
display are such as to facilitate demon- 
strations to large audiences. The final 
picture can be anything up to 20ft by 
16ft in size. 

(2) The effective contrast of the speci- 
men may be varied simply by a potentio- 
meter control. This obviates the stain- 
ing of specimens as is necessary in con- 
ventional microscopy and improves the 
contrast of specimens that cannot be 
stained. 

(3) In conventional microscopy a high 
light intensity can cause damage or 
distortion to a specimen, especially if 
live. This danger is obviated with the 
“Cintel” microscope where although 
the peak intensity of the flying-spot is 
high, the average light intensity is low. 

(4) By the use of ultra-violet radiation 
from the scanning tube and an_ultra- 
violet sensitive photoelectric cell, the 
resolution of the system is as great as 
that obtained with conventional photo- 
graphic methods with the added advan- 
tage of direct viewing and ease of 
operation. 

(5) The apparatus permits rapid, 
accurate and automatic counting and 
serting of particles and thus replaces the 
normal slow laborious and inaccurate 
manual methods. 

(6) The use of a flat face cathode-ray 
monitor tube enables tracings of the 
specimen image to be easily made. 


Cinema-Television, Ltd., 
Lower Sydenham, 
London, S.E.26. 


Ekco 
The Ratemeter Type N522 


A PRECISION counting rate meter in- 
corporating an input amplifier, a 
pulse height discriminator and a variable 
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high voltage supply. It requires only the 
addition of a Geiger Muller tube or 
scintillation counter, for which power 
supply is provided, to form a complete 
counting equipment. 


Ekco Scaler N526 


A general purpose scaling unit com- 
prising two high speed electronic decades 
followed by a re-settable  electro- 
mechanical register and incorporating 
pulse height discrimination and paralysis 
facilities. 


The Scaler N529 


A five decade scaling unit incorporat- 
ing a stabilized high voltage supply. The 
scaling circuits employ Dekatron tubes 
giving an input resolution time of 250 
microseconds. 


The Auto-Scaler Type N530 

A combined six decade scaling unit 
and timing unit, and incorporating a 
stabilized high voltage supply. 

The first two decades of the scaling 
unit employ hard valve scale-of-ten 
circuits and the remaining decades 
employ Dekatron tubes. The input 
resolution time is 5 microseconds, 

The timing unit operates from the 
50 to 60c/s a.c. supply (as specified), or 
for greater accuracy an external standard 
frequency source may be used. 

The high voltage supply is variable 
from 250V to 2000V in two ranges and 
is suitable for all current types of G.M. 
tubes and for Ekco scintillation counters. 


High Resistance Meter Type 1190A 

This instrument has been designed in 
conjunction with the British Atomic 
Energy Research Establishment for the 
measurement of high values of resistance 


and insulation. 
E. K. Cole, Ltd., 
Southend-on-Sea, 
Essex. 


Dawe 
Type 1206 “Slow Motion ” Stroboscope 


bors equipment consists of. a high 
intensity stroboscope together with an 
oscillator for driving a power amplifier 
and vibration generator. The _ strobo- 
scope can be driven either at the same 
frequency as the oscillator or, alter- 
natively, with a constant frequency dif- 
ference of 4, 1 or 2 cycles per second 
irrespective of the oscillator frequency. 


Type 1251 Dynamic Balancing Equip- 
ment 


The new Type 1251 dynamic balancing 
equipment has been developed to give 
greater flexibility of application. It 
consists essentially of the measuring and 
“sensing” elements of the Type 1250 
balancing machine combined into a 
packaged unit. The user is left to pro- 
vide his own suspension and drive which 
are then used in conjunction with the 
Type 1251 equipment. 
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Type 1408 Sound Level Indicator 


This instrument provides a_ ready 
means of measuring sound levels suffi- 
ciently accurately for most normal pur- 
poses. It is also often possible to use 
the indicator to make a preliminary 
survey and to locate the sources of noise, 
which can then be studied by detailed 
investigation using a Type 1400 sound 
level meter. This combination will often 
save much time, particularly as the indi- 
cator can be used even by an unskilled 
operator. 

The indicator consists of a micro- 
phone, amplifier and meter together with 
self-contained batteries. 

Naturally, some of the refinements of 
the Type 1400 must be sacrificed in so 
small an instrument. In this case the 
range has been somewhat reduced to 
40-130db. 


Type 1409 Water Leakage Detector 
(Illustrated below) 

The instrument uses a sensitive micro- 
phone instead of the inspector’s ear to 
pick up the faint noise of the water 
leaving the pipe. 





The microphone is housed in a bell- 
shaped casing which has a convenient 
carrying handle. A separate spike with a 
flat top is also provided. This is driven 
into the ground in the vicinity of the 
suspect pipe and the bell placed on top 
of it, thus ensuring good conduction of 
the noise caused by the leak. The spike 
is comparatively short, so that it should 
not be inadvertently driven into other 
mains service pipes or telephone cables. 
It is only about lin. thick so that it is 
sufficient to puncture the road surface, 
instead of having to dig trial holes. 

The signal from the microphone feeds 
a meter and headphones are provided to 
give an indication of the intensity of the 
microphone signals. 

The procedure in use is extremely 
simple since the instrument is battery- 
operated and is entirely self-contained. 


Dawe Instruments, Ltd., 
130 Uxbridge Road, 
Hanwell, W.7. 


Ediswan 
A.C. Stabilized Power Unit 


HIS is a new unit giving control of 

output at 240V, S5OOVA to better than 
+1 per cent for wide variations of input 
voltage and with no distortion of wave- 
form. Performance is essentially inde- 
pendent of frequency and of load power 
factor. The unit is designed for 19in. 
rack mounting. 
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A two valve amplifier is used to 
control the a.c. servo motor which drives 
a Variac. This arrangement is greatly 
superior to the usual relay actuated 
motor and gives greater speed of 
response without overshoot. The voltage 
sensitive bridge gives a rapid response, is 
insensitive to ambient temperature, and 
controls the true R.M.S. value of the out- 
put. The output voltage can be varied to 
meet individual requirements and the unit 
can be adapted to give outputs of 1 or 
2kVA with slightly slower speed of 
response. 


D.C. Stabilized Power Units 


The type R1103 is a new unit providing 
an output of 250-400 volts with a load 
current up to 200mA. 

Either the positive or negative side of 
the D.c. output may be earthed. 

An unstabilized heater supply is also 
provided, The unit is suitable for bench 
use or for mounting on a standard 19in. 
rack, 

Another unit is the R1184 which is a 
highly stable u.T. supply for Ediswan- 
Mazda Photomultipliers (types 27.M1, 
27.M2, 27.M3). 

Supplies of 200-1100 volts can be 
obtained in nine steps with continuous 
control between the steps. 


The Edison Swan Electric Co., Ltd., 
155 Charing Cross Road, 
London, W.C.2. 


Electronic Instruments 
A Versatile Industrial pH Meter 
(Illustrated above) 


te Model 28 Industrial pH Meter has 
been developed specifically for factory 
use and the design of the instrument and 
the electrode systems is the outcome of 
many years of practical application in the 
measurement and control of pH in 
industry. 

The Model 28 may be used by itself or 
it may be linked with standard Recorders 
and Controllers of the type used in 
modern factories for the measurement of 
temperature, pressure and liquid level. 
This arrangement enables the Plant 
Engineeer to set up a complete pH con- 
trol installation with the minimum of 
trouble and often with equioment already 
to hand. 

The Model 28 pH Meter will run for 
several days with a stability of +0:02 pH 
without routine attention. An important 
feature is the provision of complete tem- 
perature compensation which enables 
the electrodes to be standardized at one 
temperature and to operate precisely at 
all other temperatures without readjust- 
ment of the controls. The instrument— 
which is designed for wall or panel 
mounting—is hermetically sealed and 
may therefore be installed in the open or 
in an atmosphere containing noxious 
fumes or vapours. Provision is made for 
pressurizing, and a flameproof case can 
be supplied for use under exceptionally 
hazardous conditions. 

Other new instruments include a direct- 
reading Megohmmeter and a Valve Volt- 
meter. 

The Myria Megohmmeter bridges the 
gap between the Model 47 Milliohm- 
meter and the Model 29 Megohmmeter. 
Between them, these three instruments 
cover the impressive resistance range from 
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a fraction of a milliohm up to 20 000 000 
megohms. 

The CT54 Valve Voltmeter is a 
panclimatic portable test set with inter- 
changeable mains or battery power units. 


Electronic Instruments Ltd., 
Red Lion Street, 
Richmond, Surrey. 


Elliott Printed and Potted Circuits 
(Illustrated below) 


XAMPLES of Elliottronic printed 

and potted circuit units were exhibited 
together with chassis-mounted circuits 
showing an unusually high degree of 
miniaturization. 

The special features of miniaturization 
and resistance to extreme conditions, such 
as shock and humidity, are obtained by 
using the techniques of hermetic sealing, 
plastic embedding and printed circuits 
where they are appropriate. 

Examples of printed circuits show the 
use of ceramic and laminated glass- 
fibreboard bases. Hermetically sealed 
printed circuits may be forced air-cooled 
or water-cooled if necessary. 


Elliott /N.R.D.C. Computor 401 


This is a high speed automatic elec- 
tronic digital computor developed and 
constructed by Elliott Brothers (London) 
Ltd. for the National Research Develop- 
ment Corporation. 

A fuller description of this computor 
is given on page 201 of this issue. 

In designing Computor 401 the prin- 
cipal aim has been to produce a machine 
of moderate cost, extreme reliability and 
extreme ease of servicing. To this end 
the greater part of the electronic circuitry 
of the machine is in the form of plug-in 
“packages” of standard form. 

The specification of the computor is 
as follows: 

Digit rate 333 000 per sec. 

32 active binary digits to a word. 

Two-address code, one order per word, 
for optimum programming. 

Mainstore 1 024 words on a magnetic 
wheel at 333000 digits/sec. Average 
access time 64 milliseconds. Electronic 
track selection. Extendable to 3096 
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words using relay selection of additional 
tracks with an average time of 14 milli- 
seconds. 

Single word immediate access registers 
in the form of plug-in magnetic strictive 
delay line packages. Five such registers 
for accumulator (two registers), multi- 
plicand, multiplier and instruction, and 
one general purpose register. 

Speed—under optimum programming 
conditions an order is read from the 
mainstore and obeyed in 0-2 milliseconds. 
Multiplication takes 7-10 milliseconds 
(depending on sign). 

Input—S hole punched tape read photo- 
electrically at 40 rows/sec. 

Output—Electric typewriter at 10 
figures /sec. 

Number of valves—approximately 500. 

Elliott Brothers (London) Ltd., 
Century Works, 

Lewisham, 

London, S.E.13. 


Ferranti 
MONG the new exhibits on display 
were a high speed oscillograph, a 
fiying-spot scanning cathode-ray tube 
unit, detachable cathode-ray tube unit 
and a new type of milled block wave 
guide component. 


Flying-Spot Scanning Cathode-Ray 
Tub 


ube 

This cathode-ray tube has _ been 
designed to produce a spot, which is 
virtually a point light source, of con- 
trollable brightness. 

When a negative image, produced by 
normal photographic methods is scanned 
by the light spot of a flying-spot cathode 
ray tube, the resulting signals can be 
utilized to reproduce a positive picture on 
the screen of an ordinary television 
receiver. 


Demountable Cathode-Ray Tube Unit 

The equipment has been designed in 
order to carry out experiments on the 
characteristics of fluorescent powders and 
on various modifications of electron gun 
design. It is readily demountable and is 
evacuated by means of a silicone dif- 
fusion pump backed by a rotary oil 
pump. Suitable arrangements provide 
for focus, line and frame scan and the 
accelerating voltage is supplied by an 
R.F. unit which is variable over a wide 
range up to 30kV. The unit is entirely 
self-contained and the whole apparatus 
is readily transportable. 


Milled Block Waveguide Components 

A new type of microwave circuit was 
exhibited which is made up of mated 
channels milled in blocks of conductive 
material. Rectangular channels half 
the width of the major dimension 
of the waveguide required are 
milled in each block and the blocks 
joined in a suitable manner so that the 
channels coincide to form complete 
waveguides and duplexer circuits. Addi- 
tional guideways tc accommodate trans- 
mit-receive cells, crystals or probes are 
milled where required. This technique 
simplifies manufacture and provides a 
very robust construction. 

High Speed Oscillograph 
(Illustrated in next column) 

This records the transient voltages 
which could occur on transmission lines 
and associated gear such as transformers, 
switchgear, cables and insulators. The 
traces can be observed visually and 
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photographed simultaneously, the size of 
the negative being 34in. by 24in. The 
oscillograph consists basically of two 
Ferranti electrostatically deflected tubes 
operating at 15kV pD.c., a common trip- 
ping circuit and two independent time- 
bases, the fastest sweep being two micro- 

seconds, 
Ferranti, Ltd., 
Hollinwood, 
Lancs. 

G.E.C. 


MONG the several new exhibits on 
this stand were the following:— 


Sine Squared Pulse Generator and 
Display Unit 

This instrument has been developed to 
provide waveform testing of systems or 
equipment with low-pass filter charac- 
teristics and nominal upper cut-off fre- 
quencies of 3, 5 or 10Mc/s. 

Pulse widths of 0-34, 0-17, 0-1 and 
0-0S5usecs at half height are available 
and the pulse is contained within one 
half-cycle of an accompanying square 
wave of the same peak-to-peak amplitude, 
the frequency of the square wave being 
switched to 30, 60, 100 or 200kc/s. The 
signal amplitude is approximately 0-5V 
peak-to-peak when fed into a 75 ohm 
load. 

The display unit consists of a CR. 
tube with a time-base obtained from the 
integration of the square wave, the return 
trace giving the initial pulse height. 


Injection Guns for Electron Synchrotrons 
(Illustrated in next column) 

It was found in the early stages of 
synchroton development that increasing 
the initial energy of the injected electrons 
increased the X-ray output at a given 
energy level by a large factor. 

The guns illustrated above have been 
made with this in view. 

During operation the cathode and its 
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structure are pulsed negatively (Syusec 
pulses at 50 cycles) with respect to the 
anodes. Some of the resulting electron 
beam passes tangentially into the stable 
orbit and is accelerated on to the target. 

The electrode systems of guns are 
adjustable by means of flexible bellows 
and the direction of the beam is varied 
in azimuth by potentials applied between 
the two parts of the anode. 

Gun No. 1 (centre) has been used up 
to 40kV, and gun No. 2 (right) to 
75kV. 

A third gun (left) is of non-magnetic 
stainless steel and has a coaxial con- 
struction. Beam deflexion in azimuth is 
achieved mechanically, the degree of 
deflexion being controlled by micrometer 
heads. 

The General Electric Co., Ltd.. 
Kingsway. 
London, W.C.2. 


Muirhead 
Mufax Chart Transmitter and Receiver 


to principal exhibits were the D-658 
18in. Mufax chart transmitter and the 
D-649 18in. Mufax chart recorder, which 
together provide a complete system for 
the dissemination of meteorological in- 
formation in the form of weather charts 
by radio or landline. 

The transmitter employs phototele- 
graphic techniques, the chart (measuring 
18in. by 22in.) being clipped round a 
drum which is scanned in the form of a 
spiral by a spot of light and a photo- 
multiplier cell. The Mufax recording 
principle, which is employed by the 
recorder, enables a continuous record to 
be obtained on electrosensitive paper. 
used in 100ft. rolls. 


Magslips 
(Illustrated below) 


A range of 14in. Magslip elements has 
been developed to meet a demand for an 
element similar to the 2in. and 3in. types 
which have been used for many years. 
The reduction in size has been achieved 
with only a slight loss of accuracy. 

Elements are available for operation 
from a 50V 50c/s or 115V 400c/s A.c. 
supply; the 50c/s types can be used 
equally well on 60V 60c/s. 


Muirhead and Co., Ltd.. 
Beckenham, Kent. 
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Mullard 
An Ultrasonic Reciprocating Drill 


he this instrument a high-Q magneto- 
striction transducer is used to generate 
vibrations at about 22kc/s. These vibra- 
tions are transmitted via a tapered metal 
stub to a drilling tip. The amplitudes 
obtained are large enough to allow 
rapid drilling and cutting of most brittle 
materials when a paste of carbide 
abrasive is fed to the tip. The absence 
of any rotary motion makes this instru- 
ment exceptionally useful for drilling 
holes of any required shape and for 
making cuts and depressions in materials 
that are difficult to machine by more 
conventional methods. 


A “Very Wide Band” Dummy Load 

A radical] departure from previous 
designs, the very wide band Dummy 
Load for R.F. power measurements pre- 
sents a purely resistive input impedance 
of 75 ohms at frequencies from 100Mc/s 
upwards. Power measurement is by a 
calorimetric method. 

The device is essentially a coaxial 
line, terminated in its characteristic 
impedance. The power is almost entirely 
dissipated along the inner conductor 
which consists of a thin gold film on a 
glass rod. The resistance of the gold 
film is graded in order to obtain uniform 
power dissipation. 

The maximum power handling capa- 
city is 600 watts. The power measure- 
ment accuracy is £1-5 watts or +2 per 
cent, whichever is the greater. 


A Reversible Binary Counter 

The reversible counter is of the binary 
type. It employs conventional bistable 
multivibrator valves and includes gating 
circuits between each counting stage. 
The counter may be placed in either 
the “add” or “subtract” condition by 
biasing the gates so that pulses for 
operating the counting stages are 
selected, either from the first or second 
anode of the preceding counter stage. 
The gating circuits are controlled by an 
electronic “add-subtract”” switch which 
is itself triggered into either condition 
by input control pulses, 


Mullard, Ltd., 
Century House, 
Shaftesbury Avenue, 
London, W.C.2. 


Nicolson 
Ultrasonic Generator 
(Illustrated below) 


TS thew equipment has been specially 
designed for use in laboratories where 
a source of low power ultrasonic energy 
is required. 

The valve oscillator operates as a 
shunt-fed Hartley oscillator and can be 
switched to either 1Mc/s or 5Mc/s. The 
output at these frequencies is 6 watts 
and 34 watts respectively. 
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The crystal transducer is connected to 
this generator by a length of flexible 
coaxial cable and the entry to the crystal 
holder may be rotated through 360°. 


W. B. Nicholson, Ltd., 
Thornliebank Industrial Estate, 
Glasgow. 


Pye 
Electronic Projection Microscope 


— apparatus is designed to enable 
the picture from a normal light 
microscope to be distributed to a number 
of viewing screens. The light from the 
microscope is reflected into a small 
camera, containing a photo conductive 
camera tube. The signal from this 
camera tube may be distributed to a 
number of cathode-ray tubes for use as 
viewing screens. This apparatus may be 
used with white light illumination, vu.v. 
illumination or with normal phase con- 
trast attachments to a light microscope. 
W. G. Pye and Co., Ltd., 

Newmarket Road, 

Cambridge. 


Salford 
A.C. Load Analyser 
NEW self-contained a.c. testing set 
for the measurement of current, 
voltage, power and power factor in single 
and polyphase circuits, The test set, 


. which is portable, consists of four 34in. 


dial long scale instruments with appro- 
priate current transformers, resistors, 
chokes and switches, mounted in a teak 
case with a leather carrying handle. 
The instruments fitted are an ammeter, 
voltmeter, a double element induction 
wattmeter and a 3 phase unbalanced 
load P.F. meter placed close together 
to permit accurate simultaneous read- 
ings. The ranges covered by the instru- 
ment are 5, 25 and 125 amperes. 150, 
300 and 600 volts and from 1 to 100kW. 


Salford Electrical Instruments, Ltd., 
Peel Works, 
Salford, Lancs. 


Solartron 
Twin Regulated Power Supply, Model 
SRS, 152 


(Illustrated above) 


— is a new regulated power supply 
consisting of two identical units each 
having an output of 0-500 volts in three 
ranges with a maximum current of 
150mA. The output from each unit is 
isolated from earth, and by means of a 
multiple switch the outputs can be con- 
nected either in parallel or series as 
required. In the parallel condition, one 
reference and control circuit is rendered 
inoperative and the combined outputs 
provide a supply of 0-500 volts positive 
or negative at 0-300mA. In the series 
condition, the combined outputs provide 
a supply of 0-1kV positive or negative 
at 0-150mA. Each unit contains an 
automatic overload cut-out and a meter 
to monitor the current and voltage out- 
put. The stabilization is 0-5 per cent for 
+10 per cent variation in the mains 
supply and regulation in terms of 
internal impedance is of the order of 
3 ohms. The total hum content from 
each unit is less than 4 millivolts. Both 
units provide an A.c. output of 6:3 volts 
at 5 amps unstabilized and provision is 
made for series or parallel connexion. 
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Solartron Vari-Pack, Mode] SRS. 153 


This is a new instrument, designed to 
provide a continuously variable H.T. 
supply, either positive or negative, from 
0-400 volts. The full range of 0-400 volts 
is obtained in a single sweep of the out- 
put control without switching. The 
maximum current obtainable is 100mA 
between 0 and 350 volts and 50mA at 
400 volts. In addition, a centre tapped 
L.T. winding on the transformer provides 
6:3 volts at 3 amps. The polarity of the 
output voltage can be changed by 
adjustment of a simple link type switch. 


Harmonic Response Testing Equipment 
Designed at the Royal Aircraft 
Establishment, this equipment is used to 
obtain the frequency response charac- 
teristics (amplitude and phase) of servo 
mechanisms, passive networks, etc. 


Solartron Laboratory Instruments, Ltd., 
Kingston-on-Thames, 
Surrey. 


S.T.C. 
Oscillator Equipment 74533A 


PORTABLE mains-operated set to 

provide frequencies in the range from 
10kc/s to 5Mc/s for laboratory and 
general factory testing. Stable output at 
all frequencies is obtained by means of 
an aperiodic bridge network with a 
thermistor in one arm. The frequency 
accuracy is within +1 per cent. There 
are three output jacks: two of the out- 
puts are each designed to work into a 
75 ohm load to deliver levels up to 
10db above 1mW simultaneously; the 
third output is for monitoring and 
requires a high impedance load, but can 
deliver a level of 16db above ImW into 
75 ohms with no load on the other two 
jacks. 


The “ Humicon ” Humidity Detector 

This consists of two perforated metal 
plates some 7in. in diameter, spaced lin. 
apart, the space between the plates being 
filled with ravelled glass silk. 

The Humicon behaves as a variable 
impedance. It is connected to the 230 
volt aA.c. mains supply through a resist- 
ance of 2 megohms. 

Changes in impedance of the Humicon 
caused by variations in relative humidity 
produce a varying voltage across it. This 
voltage can be applied to a series of 
thyratrons which can, in turn, be made: 
to operate outside circuits. 

Standard Telephones and Cables, Ltd., 

Connaught House, 
London, W.C.2. 
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(We do not hold ourselves responsible for the opinions of our correspondents) 


Saturated-Diode Operation 

Dear Sir,—Mr. V. H. Attree’s recent 
article on the temperature-limited diode 
as a sensitive element in regulators’ 
started the writer wondering whether it 
might not be possible to give at least an 
approximate theoretical treatment, since 
he has not seen one as yet. It was, in 
fact, found possible to fit the diodes’ 
behaviour quite well by a formula 
derived from very simple considerations. 

The following relations, which are 
known to be at least approximately true, 
are used: 

(a) The resistance R of the filament is 

proportional to its absolute temperature 
T, in the working range’. 
_ (b) The power input W to the filament 
is equal to the power radiated from it, 
and accordingly proportional to the 
fourth power of 

(c) The plate current i, of the diode is 
related to the filament temperature by 
the equation: 

i, =aT GOP Seed i (1) 
a and b being constants. Other symbols 
to be used are: 

ip is the filament current 

Vy is the voltage applied to the fila- 
ment 
From (a), (b), and (c) one has: 


SiO TD aivccovcscecécieens (2) 
*, Txi,’/* and equation (1) becomes 
ipsaig'® eb lige as (3) 


If one is interested in Vy, a similar 
development gives: 

f= a Vy le O/VEl i. (4) 

Note that constants a en! b are differ- 
ent in equations (1), (3), and (4). 

It is noteworthy that these relations 
make 

Wei? RXig’/* VpXip RXizp*/* 
agreeing well with the reference, which 
has W and Vy proportional to the 2°6 and 
1-6 powers respectively of ip 

To test this development, the data from 
Fig. 3, reference 1, was fitted to equa- 
tion (3). They gave: 

a=256 e-* b=95 
(where i, is in microamps and ig in milli- 
amps). 

Table 1 compares theoretical values of 
ip, calculated by equation (3), with the 




















TABLE 1 
ip(mA) ip(uA) 
EXP TH 
| 75 3-15 4-6 
8-0 16:5 15-1 | 
iewe 44-5 44-5 | 
| 90 100-0 1067 | 








experimental, from Fig. 3. The agree- 
ment is quite good, except at low values, 
where errors are perhaps to expected. 
Equations (3) and (4) have been tried 
with the data from tests on other diodes, 
and have fitted quite well. It is thus felt 
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that these equations may be of use in 
describing the diode as a_ sensitive 
element. 
Yours faithfully, 
H. L. ARMSTRONG, 
National Research Council, Ottawa. 
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The author replies: 


Dear Sir,—tThe relations (a), (b) and 
(c) given by Mr. Armstrong are accurately 
true for ideal tungsten filaments’? and 
are very nearly true for small-diameter 
practical filaments run at a high opera- 
ting temperature. Under these condi- 
tions the end-effects are small and hence 
nearly all of the filament is at the same 
temperature. However, when the opera- 
ting temperature is much less than 
normal, as in the case of miniature- 
valves used as saturated- diodes, the cool- 
ing effect of the filament supports gives 
rise to a non-uniform temperature distri- 
bution along the filament. Thus the 
resistance per unit length of the regions 
near the cool ends will ‘be much less than 
at the centre and, further, most of the 
thermionic emission will be obtained 
from the hot central zone. It is difficult, 
or impossible, to measure the tempera- 
ture distribution along a small filament 
and we must therefore either calculate the 
temperature distribution** or assume that 
the whole filament runs at a single tem- 
perature. Mr. Armstrong has used the 
latter method and, as he shows, reason- 
able agreement is obtained in the parti- 
cular case of the Mullard DL66 valve. 
The form of the Richardson equation 
given by Mr. Armstrong (equation 3) fits 
the actual characteristics over a somewhat 
wider range than the simple power-law 
relation, i, = KiB;:, which‘I used. How- 
ever, it must be remembered that oxide- 
coated filaments do not saturate as well 
as pure-metal filaments so that the therm- 
ionic emission is to some extent depend- 
ent on the anode voltage. For this 
reason it is usually necessary to take 
account of the anode impedance when 
calculating the performance of a practi- 
cal circuit. In general we are concerned 
with a particular working point and a 
knowledge of the anode impedance and 
the exponent ~ in the simple power-law 
relation is all that is required. 

Yours faithfully, 
V. H. ATTREE, | 
University of Manchester. 
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Vibration Measurements 


Dear SirR,—The paper on “ Vibration 
Measurements” in the December issue 
gives some useful facts, but as the values 
given in the various formulae are in 
general neither derived nor related to 
physical dimensions, it is assumed that 
they refer to particular items of commer- 
cial equipment. It is, therefore, difficult 
to discuss these values, but one or two 
general remarks may not be out of place. 


The author appears to favour the self- 
generating ies and lists several 
advantages claimed for this type. To 
these might be added the ready availa- 
bility of surplus headphones of the 
moving-coil or magnetic-diaphragm 
types which can be easily converted to 
simple pick-ups. 

Only seismic type pick-ups are con- 
sidered in detail and where the vibration 
frequencies are low, these tend to be 
cumbersome owing to the large static 
deflexion required. In an alternative 
construction, the mass is pivoted with 
the control spring in a spiral form, giving 
a compact unit readily adjustable for 
horizontal or vertical use. However, it 
is usually easier to employ a proximity 
system or, alternatively, an accelerometer 
pick-up where the vibration frequency is 
less than about Sc/s. With the latter 
system the self-generating transducer is 
at a disadvantage, as three stages of inte- 
gration would be required to convert the 
output signal to a displacement indica- 
tion. However, as accelerometers of the 
piezo-electric, balanced transformer and 
other types are available for low-fre- 
quency measurements, they are normally 
used under such conditions. 


It is stated that the coil in the exciter 
described cannot withstand the continuous 
current rating of 20mA R.M:S. at all fre- 
quencies “since no method of limiting 
increasing electrical impedance with 
increase of frequency has been incorpor- 
ated.” The writer would be pleased to 
hear of a means of maintaining the reac- 
tance of a moving-coil unit more or less 
constant over a range of frequency. It 
is also noted that the insulation of the 
same coil is adequate for a potential 
difference of only 52:5V across its 
terminals at 16ke/s. This is surely very 
modest insulation for an exciter, which 
may well be subjected to considerable 
abuse when used without laboratory con- 
ditions. 


There appear to be typographical 
errors in a number of places, including 
the equation on page 553 and the rela- 
tionship on page 556, dealing with com- 
bined transverse and longitudinal move- 
ments of the contact pin in a pick-up. 
The values given for the amplitudes of 
the fundamental and second harmonic 
components are apparently not in accord 
with the definition of terms listed later. 

With regard to terms, the writer is not 
clear as to the significance of the “ maxi- 
mum peak value of amplitude” compared 
with the “ maximum value of amplitude.” 
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It is confusing to mix the terms “ peak ” 
and “amplitude” when it has already 
been stated that the former is to be 
applied to non-sinusoidal and the latter 
to sinusoidal waveforms. 

Yours faithfully, 

D. S. GorDON, 
The University, Glasgow. 


The author replies: 

DER Sir,—I must thank Mr. Gordon 
for having drawn my attention to two 
mathematical errors in my paper. 


The expression on page 553 should be: 
d(Ao+x) 


d¢/dt=d¢/dA.dA/dt=d¢/dA. dt 


=d¢/dA.dx/dt 
and that on page 556 should be: 

y= 8/50 x sin wt—X'/200 cos wt. 

With regard to Mr. Gordon’s other 
comments : 

It is true that the paper deals with 
specific commercial instruments and this 
I think is made clear in the introduction. 
That the paper deals almost exclusively 
with the seismic type of pick-up is not 
due to any lack of interest in or aware- 
ness of other types of apparatus, but 
rather is due to the limitation of print- 
ing space. ‘ 

I agree that it is a simple matter to 
modify standard moving-coil and mag- 
netic diaphragm telephone ear-pieces to 
make crude vibration pick-ups, but can- 
not help but believe that the main items 
for consideration when designing a pick- 
up are the construction of .the spring 
system and the calibration of the unit. 

Proximity pick-ups, balanced induc- 
tances and very low frequency accelero- 
meters are, of course, used quite 
extensively in the detection and 
measurement of vibration, but it is usual 
to choose the pick-up to suit the job in 
hand and it is my experience that no one 
type of instrument is used to the complete 
exclusion of any other. 

The frequencies at which it has been 
stated certain maximum current condi- 
tions must not be exceeded are, so far as 
the majority of mechanical investigations 
go, very high, but (a) as stated in my 
paper “ this limitation of current may be 
a drawback when’ examining small 
objects, which often have high natural 
frequencies, but may in practice be offset 
by the fact that in such cases smaller 
excitation forces are required,” and (b) it 
is very unlikely that the operation of such 
an instrument would be left to the dis- 
cretion of unskilled persons. 

I have been unable to trace the terms 
“maximum peak value of amplitude” 
and “maximum value of amplitude” 
used in such form in any part of my 
paper, though admittedly the use of the 


words both “peak” and “ amplitude” 


may give rise to certain ambiguities. 

It seems that a typographical error has 
occurred in Mr. Gordon’s letter where he 
states that “three stages of integration 
would be required to convert the output 
signal (of an accelerometer) to a dis- 
placement indication.” 


Yours faithfully, 
R. WINSLADE (Miss), 
Philips Electrical, Ltd. 
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Evaporation Chamber and Specimen 
Holder for Shadow Casting 


DEAR SiR,—The evaporation, by 
Williams and Wyckoff"’, of metal films 
at oblique angles on to electron micro- 
scope specimens for enhancing the image 
contrast of the specimen surface relief, 
has now become an established technique. 
Shadow casting has also been used for 
optical microscopy* and is of value for 
exposing the surface detail of transparent 
plastic replicas taken from surfaces which 
cannot be examined in situ. 

The “ shadow-casting ” of organic film 
replicas, e.g, collodion, requires large 
evaporation source-to-replica distances to 
prevent overheating of the replica by 
heat radiation from the source and it has 
been customary to use vacuum evapora- 
tion plant fitted with tall glass bell jars 
for vertical evaporation. This type of 
plant is unsatisfactory because the bell 
jar diameter, which must be sufficient to 


stud A and insulated electrode B in the 
end plate c. The electrodes are brass 
threaded 2 B.A. and the filament heater 
terminals made of steel. A heater cur- 
rent of up to 30A can be used for 
evaporations of short duration using 
tungsten heater wires of 0-5mm_ dia- 
meter. By unscrewing the retaining 
collar D the filament holder is easily 
removed from the chamber for either 
filament renewal or loading of the metal 
to te vaporized. 


The specimen assembly shown has 
been designed for holding supporting 
screens used with the Philips electron 
microscope. The screens are first 
mounted between two clamping bars B 
which are then fixed inside the chamber 
to the metal block F and screwed in posi- 
tion by a knurled nut G. For conveni- 
ence of setting the vapour incidence 
angle a protractor scale is fixed extern- 
ally to one end an tin. diameter shaft 
which, passing into the 
chamber via a rotary 
seal, carries at the 














other end the specimen 
assembly. 

The glass end plate 
H serves as a window 
for observing the 
evaporation source and 



































is easily removed for 
access to the specimen 
holder by releasing the 
spring clip 3. An air 
release valve K is fitted 
to the centre of the 
chamber and a gauge 
connected at L. 

The exhaustion time of 
the equipment from at- 
mosphere to 0:1 microns 








of mercury pressure, 
pressure measurements 
made with a Philips’ 
ionization gauge, was 
of the order 10 to 12 





Fig. 1. General arrangement of the shadow casting unit 


accommodate the lead in electrodes and 
pump connected to the chamber base- 
plate, is very much greater than the 
specimen dimensions, and there is a large 
amount of unnecessary volume to be 
exhausted. 

A shadow-casting chamber of small 
volume but with a source to specimen 
distance of 22cm has been constructed 
which could be exhausted quickly to the 
evaporation pressure by a 101/sec oil 
diffusion pump and a 30l/min rotary 


pump. 
The chamber, shown in Fig. 1, consists 
of a horizontal electro-tinned mild steel 
tube 3 inches diameter by 12 inches 
length with the vapour source and speci- 
men holder located at each end. Pump- 
ing connexion is made to the centre of 
the chamber via a “ T” joint on to which 
is bolted the diffusion pump isolation 
valve. Vacuum seals on the chamber and 
pumping connexions are made with rub- 
ber “O” rings retained in re-entrant 
grooves. The evaporation heater fila- 
ment is connected between an earthed 
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mins. To maintain 
this pumping rate in 
daily use it was found 
advantageous to place 
a desiccant (P:O;) in the 
chamber for absorbing 
the water vapour liber- 
ated from the chamber 
walls at low pressures. 

A desiccant tray M, shielded from the 
vapour source, has therefore been in- 
cluded in the apparatus. 

A glass tube N, surrounding the vapour 
source, is used for preventing the gradual 
build-up of thick evaporated layers on 
the chamber walls, which are not only 
difficult to remove but also absorb mois- 
ture when exposed to the atmosphere. 


Yours faithfully, 


L. HOLLAND, 
Research Laboratory, 


W. Edwards & Co. (London), Ltd., 
S.E.26. 
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Electro-mechanical Voltage Stabilization 

Dear Sir,—I observe that Mr. P. A. V. 
Thomas states in his letter in the January 
1953 issue of ELECTRONIC ENGINEERING 
that the M-motor is designed to be oper- 
ated from a switched p.c. supply. 

It may thus be of interest to note that 
the M-motor, and akin types of motor 
classed generically as repeater motors, 
may be operated in conjunction with a 
magslip system. 
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Fig. 1. M-motor connected across the phase leads 
of a magslip transmitter 





M-motor 


The M-motor will, if connected across 
the phase leads of a magslip transmitter, 
act as a receiver or indicator following 
the transmitter rotor in synchronism 
with, however, a 180° indeterminacy in 
position due to the rotor receiving its 
energizing by induction from the stator. 
Such a motor possesses the advantage 
that only three leads are required to 
transmit a positional indication (Fig. 1). 








8 mogsli 
Transmitter 
Start Mk ID Run 


Fig. 2. Use of magslip as synchronous motor 


It may also be of note to observe that 
a magslip may be used as a synchronous 
motor by applying an A.c. supply across 
two of the phase leads, shorting the rotor 
and starting the motor either by hand or 
with a capacitor connected between the 
third phase lead and one supply lead. If 
the rotor short be then removed and suit- 
able p.c. energizing (about 10V 1A) be 
applied, the motor will pull into step and 
run synchronously with the a.c. supply 
(Fig. 2). 

Yours faithfully, 
D. NAPPIN, 


Harrow. 


The Author replies: 


Dear Sir,—I am very interested in Mr. 
D. Nappin’s note concerning the use of 
M-motors in conjunction with magslip 
transmitters though it seems to me that 
it has little bearing on the subject of 
electro-mechanical stabilizers. 

However, it is useful to know that M- 
motors can be successfully driven from 
magslips as M-transmitters are not so 
easily obtainable and it also obviates the 
necessity of providing a 24V p.c. supply. 

On the other hand, I cannot see that 
there is any great advantage in using a 
magslip transmitter instead of an M- 
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motor as a synchronous motor as not 
only a low voltage (10V) p.c. supply has 
to be provided, but also the necessary 
switching for the rotor winding to change 
over from start to run conditions. 


Yours faithfully, 
P. A. V. THOMAS, 
Royal Technical College, 
Glasgow. 


A Differential Transformer Gauge and 
Amplifier 


Dear Sir,—As we are developing an 
inductance gauge for measuring strain, it 
was of interest to read Mr. Dighton’s 
description of a differential gauge in the 
February issue of ELECTRONIC ENGINEER- 
ING. From the strain measurement point 
of view, Mr. Dighton’s gauge might be 
somewhat heavy, but it is a pity that no 
calibration was possible for movements 
smaller than 0:00lin. A description has 
already been given by Schaevitz (Proc. 
Soc. Exp. Stress Anal., Vol. 4, 1947), of 
a similar differential transformer gauge 
and output characteristics were given for 
movements considerably less than 
0-001in. 

The strain gauge being developed in 
this Department depends on a variable 
air-gap. The magnetic circuit consists of 
an E core with an armature across the 
open end of the E. Strain is converted 
into a change in length of the air-gap 
between the E core and the armature. A 
coil is wound on the centre arm of the 
E and forms one arm of a bridge net- 
work, the output of which is amplified 
and displayed on a meter. 

Using this set-up, strains as small as 
10-" can be detected, although, at 
present, readings are only considered 
reliable down to strains of 10-°. It is 
hoped to publish further details of the 
gauge and circuit at a future date. 

. Yours faithfully, 
J. C. Stmmons, 
D. W. VALE, 
University College, 
London. 


The Author replies: 


Dear Sir,—I have been interested to 
read the description by Messrs. Simmons 
and Vale of their variable inductance 
gauge for measuring strain. This type 
of gauge can be made extremely sensitive 
and their figures confirm this. The 
linearity is, however, inferior to the dif- 
ferential transformer type; also one 
would expect their design to be more 
sensitive to temperature changes since it 
is not a balanced system. 

We have not used the differential trans- 
former type of gauge for strain measure- 
ment but its size is an obvious disadvan- 
tage. It is considered, however, that 
the linear dimensions of the gauge I 
described could be reduced by a factor 
of three without loss of sensitivity 
provided the coils were modified accord- 
ingly. The gauge described can be used 
to detect movements of 10-‘in. corres- 
ponding to a strain of 10-*° in a gauge 
length of one inch. If one is prepared 
to abandon the convenience of operation 
at 50c/s, the sensitivity can be further 
increased since it is approximately pro- 
portional to frequency. 

Your correspondents need have no 
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fears on the grounds of linearity. The 
differential transformer gauge described 
is linear to 1 per cent over a range of 
0-lin. so that, over a range of 10-‘in. the 
linearity should be so good as to defy 
measurement; there is no non-linearity in 
the neighbourhood of the zero with this 
type of gauge. 
Yours faithfully, 
D. T. R. DicHTon, 
Kodak Limited. 


Slotted Line Techniques 

Dear Sir,—On reading through an 
article by E. G. Hamer in your issue of 
December, 1951, I was surprised to see 
that in his summary of the relationships 
existing between the various quantities 
involved in transmission line measure- 
ments, he quotes the standing wave ratio 
as being given by 


IZ | IZo| 
S.W.R. = iZo| or Iz | 


where Z is the terminating impedance 
and Z, is the characteristic impedance of 
the line. This formula is quite incor- 
rect. 
The reflexion coefficient is correctly 
quoted as 
” Z- hs 


Z+Z, 
and if Z is put in the general form 
R+jX, 





* s: R—Z. + jX 
R+Z. + jX 

shat ar (R — Zo.) + X° 

“Kl =k = V(z + Zo.) + X? 
Therefore, on Mr. Hamer’s definition of 
I+k, 
1—k 

S.W.R. = 
VU(R + Zo.) + X7] + VU(R — Zo)? + X7J 
Vi(R + Zo) + X*Y—V((R — Z.) + X°] 
which certainly cannot be simplified to 





S.W.R. aS 





4 | or |Z, except in the special case 
when X = O. 


Perhaps a more obvious method of 
demonstrating the error is to consider a 
line terminated in a pure reactance whose 
magnitude is Zo. the power is 
reflected, and the standing wave ratio is 
infinite, whereas the formula in question 
would give a standing wave ratio of 1. 

Yours faithfully, 
T. P. FLANAGAN, 
St. Albans, 
Herts. 
The Author replies: 

Dear Sir,—I am quite in agreement 
with the point raised by Mr. T. P. Flana- 
gan, the formulae should have read 


S.W.R. on 8. or 2» (Scalar Quantity) 


Zo Zp 
where Z, = Impedance at a_ voltage 
maximum 
Z» = Impedance at a voltage 
minimum. 


It was decided to omit this from the 
final text as it might be agen but 
unfortunately although the qualifying 
statement was omitted the formula was 
left in. 

Yours faithfully, 
E. G. HAMER, 


The General Electric Company, Ltd. 
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Notes from the Industry 


The Radio Group of the Institution 
of Post Office Electrical Engineers is 
holding its Second Radio and Models 
Exhibition on May 7, 8 and 9, at 
Metropole Hall, Northumberland 
Avenue, London, §.W.1, The exhibition 
will be on home construction, together 
with additional exhibits of interest to 
the radio and model __ enthusiast. 
Secretaries of radio clubs and societies 
are invited to write for further informa- 
tion to the Honorary Group Secretary, 
23 Surrey Lane, Battersea, London, 
§.W.11. Admission is by programme 
which is obtainable at the door. 


British Insulated Callender’s Cables, 
Ltd., announce that they have acquired 
the cable and wire business of Phillips 
Electrical Works, Ltd., Canada, and will, 
through a new Canadian company which 
they are forming with the name of 
Phillips Electrical Company (1953), Ltd., 
carry on this business at the existing 
Brockville (Ontario) and Montreal fac- 
tories. The existing personnel engaged in 
the cable and wire business of the 
present Phillips company will be retained. 


Marconi’s Wireless Telegraph Co., 
Ltd. have dispatched to Caracas, 
Venezuela, what is believed to be the 
largest single consignment of television 
equipment air-freighted from England. 
Nearly a ton and a half of telecine and 
studio lighting equipment was trans- 
ported by a Dutch Airlines Skymaster in 
time for installation for the opening of 
the Televisa Station at Caracas, which 
was itself designed and manufactured by 
Marconi’s. 


The BBC announces that Mr. C. 
Duddington has been appointed Engineer 
in Charge of the low-power television 
transmitting station at Glencairn, near 
Belfast, Northern Ireland. 


The Electro-Physiological Technolo- 
gists’ Association will be holding their 
annual general meeting at Hurstwood 
Park Hospital, Haywards Heath, Sussex, 
on Saturday, May 16, commencing at 
10.30 a.m. There will be papers and 
demonstrations of interest to electro- 
physiologists and others concerned with 
the recording of sub-audio phenomena. 
Non-members are welcome to attend and 
should communicate with Mr. G. 
Johnson, the honorary secretary of the 
Association. 


The Radio and Electronic Component 
Manufacturers’ Federation at their 
annual general meeting elected the 
following vice presidents: Mr. A. F. 
Bulgin, Mr. E. M. Lee, Major L. H. 
Peter, Mr. S. Wilding Cole and Mr. 
Hector V. Slade. Mr. P. D. Canning 
was elected chairman for the coming 
year and Mr. W. F. Randall vice- 
chairman. Since 1948 Mr. Canning has 
been engaged on special duties connected 
with trade association activities and 
overseas liaison for the Plessey Co., Ltd., 
Ilford, Essex. 
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The Royal Society have recently 
elected into the Fellowship, among 
others, Professor Willis Jackson, Pro- 
fessor of Electrical Engineering, Imperial 
College of Science and Technology, 
London, and Mr. A. R. Powell, Research 
Manager of Johnson, Matthey & Co. Ltd. 


The British Sound Recording Associa- 
tion ate holding their fifth private 
exhibition of sound recording, reproduc- 
ing and audio frequency equipment on 
Saturday and Sunday, May 16 and 17, 
at the Waldorf Hotel, Aldwych, London, 
W.C.2. The exhibition will be open 
from 10.30 a.m. to 6 p.m. on both days 
and will be free to members. Admission 
of non-members will be by catalogue 
available at the door, price 1s. 6d. or 
ls. 8d. by post from the Hon. Secretary, 
R. W. Lowden, “ Wayford”, Napoleon 
Avenue, Farnborough, Hants. 


The Ministry of Supply announce that, 
owing to the continually growing use of 
radioactive isotopes throughout the 
world, the Isotope School at Harwell has 
had to introduce an additional course this 
year. The series of courses planned for 
the year did not include one for July, 
but there has been such a heavy demand 
for places that an extra course will be 
held from July 6-31. Applications should 
be sent to the Isotope School, A.E.R.E., 
Harwell, Berkshire, not later than June 
8, 1953. Students pay a fee of £40 for 
the course, and accommodation can be 
arranged at an additional charge of 
£7 7s. a week, 


Mr. T. E. Goldup, M.LE.E., has been 
elected chairman of the Radio Com- 
munication & Electronic Engineering 
Association for 1953 in succession to 
Mr. K. S. Davies. Mr. C. G. White 
remains vice-chairman. 


Pye, Ltd. have secured the contract for 
supplying equipment for two complete 
television studios for Institut National 
Belge de Radiodiffusion, the Belgian 
television service. The total amounts to 
some £70,000. This equipment will 
operate on both 819 and 625 line systems, 
only a simple switch being necessary for 
the change over. Test transmissions are 
due to commence in the autumn. 


The Norwegian Industries Develop- 
ment Association is sponsoring an 
exhibition to be held in Oslo from 
June 10-20. The exhibition is to cover 
measuring and control techniques with 
instruments and apparatus, which are 
used in industry and research labora- 
tories. A study conference is also being 
planned, with the aim of supplementing 
the exhibition. 

The Physical Society are holding a 
Science Meeting on Friday and Satur- 
day, May 15 and 16, at Imperial Oe 
Imperial Institute Road, London, S.W.7. 
The a arranged by Dr. O. 
Klemperer of Imperial College, will be 
on “Recent Research in Electron 
Optics”. Visitors wishing to attend 
should apply to the offices of the Physical 
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Society, 1 Lowther Gardens, Prince 
Consort Road, London, S.W.7, for 
further particulars and application forms. 
Closing date for applications is Thurs- 
day, May 7. 


The 20th National Radio Show at 
Earls Court will be opened on September 
2 by Field Marshal Lord Montgomery. 


The Industrial Spectroscopy Group of 
the Institute of Physics has formed a 
panel of members interested in direct 
reading equipment for spectrochemical 
analysis. The object of the panel is to 
organize meetings which would serve the 
interests of users and potential users of 
this equipment. Particulars may _ be 
obtained from the Secretary, the Institute 
of Physics, 47 Belgrave Square, London, 
S.W.1. 


The Sixth Canadian International Trade 
Fair will be held in Toronto from June 
1-12. Britain’s exhibits at the Fair will 
cover an extremely wide range of pro- 
ducts. To give the world’s buyers more 
information about Britain’s products and 
services in the widest possible varieties of 
fields, a number of the United King- 
dom’s leading publishers of business 
journals are combining in the display of 
their most widely read technical, trade 
and _ specialized publications, among 
which the publications of Morgan Bros. 
will be represented. 


Ferranti, Ltd. have received an order 
from Royal Dutch/Shell Group to pro- 
vide an electronic digital computor for 
use in their large research establishment 
in Amsterdam. The machine will be 
housed in a new laboratory now under 
construction. 


Mr. Alfred Blount who, for the last 
seven years has been general manager of 
Vandervell Products, Ltd., has been 
appointed a member of the executive 
board of the Plessey Company, Ltd., 
Ilford, Essex. 


The Atomic Energy Research Estab- 
lishment has now issued the fourth list 
of some 28 reports produced by mem- 
bers of the staff, which are available for 
sale. Copies may be purchased from 
Her Majesty’s Stationery Office. 


The Radio Industry Council has issued 
the first two sections of a specification 
No. RIC/121 “ Resistors, Rotary, Vari- 
able, Wire-Wound”. This specification 
has been produced by agreement 
between B.R.E.M.A. R.C.E.E.A. and 
R.E.C.M.F. For the time being this is 
meant for use internally within the 
industry, but it is intended to submit it 
in due course to B.S.I. 


Errata. The trade name of the per- 
manent magnet materia) produced by 
Swift Levick and Sons, Ltd., Sheffield, 
and mentioned in the R.E.C.M.F. 
Exhibition Preview in the April issue, 
should read “Columax”. Also the first 
symbo] in the magnetic properties given 
should read “B rem”. ; 

We regret that an error occurred in 
the circuit diagram of “ A Gramophone 
Pick-up Pre-Amplifier” by E. J. Miller 
on page 498 of the November, 1952, 
issue. The wiper arm of the lower half 
of S; should be joined to the junction of 
the 001uF and 0-5#F capacitors and the 
32kQ resistor via a 0-03“F capacitor and 
not direct as shown in the diagram. 
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Proceedings of the National 
Electronics Conference 


835 pp., 625 figs. Royal 8vo. Vol. 8. National 
Electronics Conference Inc., Chicago 19, Iinois. 
1952. Price $5. 


pee volume gives the texts of the 
one hundred papers presented at the 
8th National Electronic Conference held 
in Chicago, September 29 to October 
1, 1952. The subject matter ranges over 
the whole field of electronics and the 
papers are grouped under 22 headings, 
each embracing the four or five papers 
presented at a single conference session. 

The subject matter and treatment of 
the papers correspond to what one would 
expect to find in “Proc. I.R.E.” or in 
“Electronics” and, at the time of 
writing, six of the conference papers 
have already been re-published in these 
journals. Judging from previous years 
it is unlikely that a great many of the 
papers will appear elsewhere; however, 
there is no doubt that this re-publication 
factor makes it especially important that 
the proceedings should come out as soon 
as possible, and the editors are to be 
congratulated in getting out the. volume 
in just over three months. 

The proceedings contain six papers on 
transistors and four on semi-conductors, 
These papers cover work in progress at 
Bell Labs., RCA and G.E. on frequency- 
characteristics, junction-transistors, trig- 
ger-circuits and transistor-amplifier noise. 
Two papers deal with the proposed 
N.T.S.C. compatible colour television 
systems. The first discusses the effect of 
noise on system performance and the 
second describes the experimental colour- 
television receiver developed by Westing- 
house. Seven papers are on _ servo- 
mechanisms; one of these describes the 
application of servo-techniques to 
amplitude-stabilized oscillators; such 
methods result in an oscillator with 
better immunity to transient changes 
than is obtainable with circuits designed 
on an empirical basis. 

In recent years the technique of 
electromagnetic velometry, _ initially 
developed by A. Kolin for blood-flow 
measurement, has been widely applied, 
especially to liquids which are “hot” 
in the radioactive or thermal sense. A 
recurrent source of difficulty in the a.c. 
flowmeter is the large and variable zero- 
flow signal, and a paper of considerably 
practical value shows how this trouble 
may be overcome. Two papers deal with 
printed circuits and several discuss com- 
ponent reliability; both of these subjects 
are of great importance in guided-missile 
development. A Naval Ordnance 
Laboratory paper describes a distributed- 
constant delay-line with a high charac- 
teristic impedance. The electrical per- 
formance of this line is much better 
than that obtained on similar delay-lines 
currently under development in_ this 
country; however, information on the 
temperature stability is not given. ; 

A list of the contents of this volume, 
and of each of the previous seven 
volumes, is included, but unfortunately 
there is neither a subject index nor an 
author index. A subject index is very 
desirable in a book of this type as the 
grouping of the papers is determined not 
only by -their contents but also by the 
requirements of the conference time- 
table. This may lead to papers being 
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overlooked, for example a_ reader 
interested in physical measurement may 
easily miss the paper on a ceramic vibra- 
tion pick-up which is listed under 
“Audio” and not under “ Industrial 
Measurements.” A multiple-entry subject 
index, including the contents of previous 
volumes (a total of some 600 papers), 
would undoubtedly have added to the 
value of the book as a reference source. 


V. H. ATTREE. 


Ultrasonic Physics 


By E. G. Richardson. 285 pp., 99 figs. Medium 
8vo. Elsevier Publishing Company, New York. 
Cleaver-Hume Press Ltd., London. 1952. Price 30s. 
} bd is a pleasant task to review a book 
which one has so much enjoyed read- 
ing; the danger to be guarded against is 
the possible blunting of the critical 
faculties by that very enjoyment. 

Dr. Richardson’s book is quite novel 
in its subject matter, and, contrary to 
the modest comment in the first sentence 
of the preface, needs no justification 
for its appearance. The accent is largely 
on the use of ultrasonics as a laboratory 
tool, but the value of the experiments 
described will be apparent to any reader 
with experience of applied ultrasonics. 

The outstanding merit of this book is 
that an attempt is made to relate theory 
and experiment wherever possible. 

A fair proportion of the book consists 
of descriptions of experiments with which 
the author has been directly concerned; 
this is a great asset and adds conviction 
to the work described. 

The least impressive part of the book 
is Chapter I which deals with “ Sources 
of Ultrasonics.” 

The circuits shown in figures 6-10 are 
a little too basic to be useful, and the 
description provided of their modes of 
operation is inadequate. 

Chapter II is concerned with methods 
of detecting and measuring ultrasonic 
radiation and with some of the properties 
of ultrasonic waves such as cavitation 
and scattering due to obstacles. 

The circuit shown in figure 19 cannot 
possibly work in the manner described 
in the text and in figure 21 the polar 
curves have been wrongly labelled. 

The next chapter is devoted to the 
measurement of propagation constants, 
namely the velocity and absorption of 
ultrasonic waves in a_ transmitting 
medium. The fixed path and variable 
path interferometer are introduced for the 
first time and the use of an ultrasonic 
wave train as a diffraction grating for 
light waves is also described in some 
detail. 

Chapters IV, V and VI deal with 
propagation in gases, liquids and solids 
in that order and much of the author’s 
own work appears in the first two of 
these chapters. In the table on page 206 
it is surprising to find that the absorp- 
tion and the velocity of propagation in 
mercury are not given, especially in view 
of the considerable use of mercury ultra- 
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sonic delay lines in electronic digital 
computors. 

The style of presentation is excellent, 
despite the use in places of such words 
as divaricate, pendulation, crispation and 
animadverted. References to other pub- 
lished work are numerous and well 
chosen throughout the text, and com- 
prehensive lists are given at the end of 
each chapter. 

In the opinion of the reviewer, this is 
a really good book on a topical subject 
and will be welcomed by all workers with 
an interest in ultrasonic techniques. 


L. I. FARREN. 


Elements of Radio Engineering 


By H. I. F. Peel. 232 pp., 153 figs. Crown 8vo. 
Cleaver-Hume Press Ltd. 1952. Price 10s. 6d. 

HIS book has been written to cover 

certain examination syllabuses, and 
sections of others. A common failing of 
books with this objective is that, con- 
centrating on answering expected forms 
of question, they fail to give comprehen- 
sible coverage of the syllabus. Mr. 
Peel has not so failed. After careful read- 
ing of this book, the student should have 
a sound appreciation of the subject 
matter. The reviewer wonders, how- 
ever, whether the claims on the pub- 
lisher’s jacket may be optimistically 
misconstrued with regard to scope, but 
it is hoped that the word “ Elements” 
io the book’s title will guard against 
this. 

Maybe some examining bodies will 
soon be changing the title of this subject 
from radio to electronics. If so Mr. Peel 
has well anticipated this trend by open- 
ing with a chapter explaining lucidly 
the action of thermionic valves; follow- 
ing with one each on alternating currents 
and the triode amplifier; then two ve 
good chapters explain the functions o 
capacitance and inductance. Further 
chapters deal with: power supply circuits, 
including a good simple treatment o 
smoothing filters; tuning circuits; oscil- 
lator circuits, including a concise intro- 
duction to aerials; detector circuits; 
typical complete receiver circuits; radio 
measurements, and a short chapter on the 
cathode-ray oscillograph. A _ series of 
eight appendices follow, giving mathe- 
matical proofs of statements and expla- 
nations presented in the main text; an 
ideal arrangement for early grade 
students; also some recent examination 
questions, arranged under chapter head- 
ings for which they are, appropriate, with 
answers to numerical parts. The index 
is rather sparse. 

A few criticisms seem important 
enough not to escape attention here. On 
page 103 there are four errors of state- 
ment in the last two sentences, relative 
to the high frequency response of an 
audio transformer; the reviewer would 
recommend they be omitted from the 
next printing, as unnecessary at this stage 
—even the correct statement would be 
“obscuring the wood”, which Mr. Peel 
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cannot be accused of elsewhere. More 
accurately drawn curves showing the 
effect of varying Q (Fig. 83) would be 
an improvement; true they are only 
intended to give a rough indication, but 
shapes like this can prove a stumbling- 
block later in the student’s mind. Other 
figures requiring attention for instructional 
clarity are numbers 102, 108 and 111, and 
the text associated with the last named, 
which gives the impression that a hetero- 
dyne beat note has a waveform like the 
raw output from a full-wave rectifier. 

Earlier books covering this subject 
often seemed to compete for the booby 
prize for their howlers. This reviewer 
doubts whether the most caustic of his 
fellows could seriously find anything 
more worth “going to town” on than 
the points mentioned in the previous 
paragraph. The book must be com- 
mended for a coverage of its subjects 
much better than average. 


N. H. CROWHURST 


Filter Design Data for 
Communication Engineers 
By J. H. Mole. 252 o> 126 - Demy 8vo. 
E & F.N. Spon Ltd. 1952. Pie a 

HIS is a book which will, as the 

author claims in his preface, enable 
engineers to design Zobel filters in “a 
small fraction of the time otherwise 
needed”. Starting with the desired 
attenuation characteristic, a design pro- 
cedure is outlined which terminates in the 
computation of the element values of the 
optimum Zobel filter, using coils of a 
given Q value, and the minimum possible 
number of elements. In a trial, the 
reviewer found that. Dr. Mole’s procedure 
and data reduced the time taken for the 
design of a four-section band-pass filter 
to one-tenth of that required when using 
a cut-and-try technique and the data 
presented in a standard textbook. 

Dr. Mole assumes the reader to be 
familiar with classical filter theory, and 
there is little theoretical discussion. 
Normal types of symmetrical filters, 
together with dissymmetrical band-pass 
filters are treated in a unified manner. 
The fact that the book is by a single 
author, and is not a collection of mis- 
cellaneous articles, makes it easy to use 
once the general arrangement has been 
grasped. In addition to the normal 
index, there is an index of tables, and 
one of charts, and a clear and precise 
introductory chapter to guide the user 
through the material presented. Each 
chapter includes examples showing the 
method of applying the charts and 
tables to practical filter problems. 

There are a few minor, disconnected 
criticisms, which might be made of the 
book. Something could usefully have 
been added on Bode’s method of 
impedance correction, and in one or two 
passages the author has been too brief, 
such as in the approach to optimization 
in Chapter 8. The material on permis- 
sible tolerances on element values is 
new, and very useful, and this chapter 
also merits expansion. These are, how- 
ever, arguable points, and were the 
theoretical discussion to be extended 
unduly the book would no longer be 
easy to handle. As it is, the book is of 
reasonable size and produced in a way 
that makes it a pleasure to read. 


° J. T. ALLANSON 
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Electrical Measuring Instruments— 
Part I 


By C. V. Drysdale and A. C. Jolly. 2nd Edition. 
Revised by G. F. Tagg. 279 pp., 361 figs. Royal 
8vo. Chapman & Hall Ltd. 1952. Price 75s. 
i- and Jolly’s book on 

electrical measuring instruments 
has for long been regarded as the 
standard work on the subject, but with 
the passage of years it has inevitably 
become to some extent out of date and 
the issue of a second edition will be 
welcomed by all those who are interested 
in instruments. The complete moderniz- 
ing of this great work, 440 pages for 
Part 1 in the old edition and 600 some- 
what smaller pages in the new edition, 
would be a herculean task which has 
not been attempted. The new edition 
follows the pattern of the old, having 
ten chapters dealing with general elec- 
trical principles, mechanical design and 
construction, conditions of rapid indica- 
tion, elements of electrical theory and 
design, properties of electrical materials, 
permanent magnet moving coil instru- 
ments, soft iron instruments, dynamo- 
meter ammeters, voltmeters and watt- 
meters, hotwire instruments and electro- 
static instruments. A large part of the 
text of the first edition is reproduced 
unaltered except for a few vagaries of 
printing, such as the reproduction of 
one figure upside down, showing mercury 
apparently defying the law of gravity. 
New sections have been added to cover 
new developments in insulating and 
magnetic materials, recent researches on 
pivots and jewels and recent designs of 
instruments. The theoretical treatment 
of mechanical design has been largely 
rewritten. To make space for new 
additions a certain amount of the 
original text has been deleted, but there is 
still a great deal of material which can 
now only be considered of historical 
interest and which might well have been 
swept away in order to make room for 
more detailed accounts of _ recent 
developments. For example, the space 
allotted to the high permeability alloys 
is only one page and does not include 
any reference to the dynamometer instru- 
ments with mumetal cores produced by 
the Cambridge Instrument Company. 
There is also no reference to the 
vacuum enclosed electrostatic instru- 
ments produced by the Metropolitan 
Vickers Electrical Company and elec- 
tronic instruments are completely 
excluded. The work on gold-chromium 
and chromium-nickel-aluminium resist- 
ance alloys carried out. in the U.S.A. is 
not mentioned. 

M.K.S. enthusiasts will find no 
encouragement in this book and it is an 
interesting commentary on the time 
required to produce a book that the 
change from international to absolute 
units, which was announced before the 
war, and which actually took place on 
January 1, 1948, is dealt with in an 
appendix in a book published at the end 
of 1952. 

Notwithstanding these minor points of 
criticism there is still no other book 
available which covers the subject so 
thoroughly as this one and both pub- 
lishers and reviser should be congratu- 
lated on giving this classic a new lease 
of life. 


A. H. M. ARNOLD 
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ELECTRICAL 
MEASURING 
INSTRUMENTS 


PART I 
General Principles and Electrical 

Indicating Instruments 

by 
C. V. Drysdale, D.SC., M.1.E.E. 

& 

A. C. Jolley, A.M.1.E.E 

Second Edition, Revised by 





G. F. Tagg 
B.SC., PH.D., M.I.E.E., F.INST.P. 
598 pages 361 figures 75s. net 


“With the exception of two com- 
paratively minor criticisms, the 
book is lucid, authoritatively 
written and contains much useful 
data which would not otherwise be 
readily available.” 

—Electrical Review 


“The work is characterised by the 
thoroughness of the detail, and in 
the revision, the important informa- 
tion concerning historical instru- 
ment types has been retained.” 
—Distribution of Electricity 
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By C. J. Dickinson, B.A., B.Sc. 
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Price 12/6 


The author{describes the use 
of electronic methods as 
applied to research} in 
Neurophysiology. Chapters 
are devoted to amplifying, 
recording and _ stimulating 
techniques used in physiology 
and medicine (e.g. electro- 
cardiography, electro- 
encephalography, etc.) 


Order your copy through your bookseller 
or direct from 
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Photoconductivity in the Elements 


By T. S. Moss. 249 pp., 56 figs. Ro’ 8yvo. 
Butterworths Scientific Publications. 1952. Price 


50s. 
flr early discovery of the lowering 
of resistivity of selenium by irradia- 
tion with visible light marked the 
beginning of studies of such _ photo- 
conduction in many other solids and 
compounds. There has been in recent 
years a considerable practical applica- 
tion of such solids in detectors for 
visible radiation and for infra red 
radiation as long as 6-74 in wavelength. 
The author of the present volume is 
well known in _ photoconductivity 
research and the text he presents not 
only surveys the theory and experi- 
mental results in the field but adds to 
these the results of his own studies on 
a particular group of elements which 
were not so well known pee. 

The first part of the book is concerned 
with the theory of photoconduction and 
its related effects. It begins with a 
concise and readable account of the 
modern electronic theory of crystalline 
solids and the use of the theory to inter- 
pret the characteristics of photo- 
conductors. Such characteristics include 
conductivity, Hall effect, optical absorp- 
tion and refractive index, spectral 
sensitivity of photocurrent and _ the 
response time of the latter current. Also 
included are a discussion of the photo- 
voltaic effect at metal-semiconductor 
boundaries and at internal boundaries in 
solids, and a discussion for refractive 
index in relation to the threshold wave- 
length for photoconductivity. The final 
chapter of the first part deals with the 
photoemissive properties of semi- 
conductors. 

The second part of the text comprises 
accounts of experimental studies of the 
particular group of elements including 
boron, diamond, silicon, germanium, 
grey tin, phosphorus, arsenic, antimony, 
sulphur, selenium, tellurium and iodine, 
Here is provided a survey of all the 
characteristics of these elements, as 
known at present, which are related to 
their photoconductivity. A feature of 
this section is the attention to experi- 
mental methods used in preparation of 
the samples and in their measurement. 
The author’s direct experience of the 
difficulties involved provides a most 
valuable part of the text. His own 
studies also emphasize the necessity of 
properly co-ordinated experiments on the 
same specimen to determine the relation 
of other effects to photoconductivity. In 
the past correlation of data from Hall 
effect and conductivity measurements, 
etc., has been made difficult because each 
laboratory so often confined itself to a 
study of one or two characteristics only, 
there being no exchange of specimens 
between the different workers. It is 
perhaps to the systematic and _ co- 
ordinated study of each type of photo- 
and semi-conductor that we owe the 

resent advances in knowledge of 


ndamental mechanisms in these solids. 
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The book forms a valuable and 
encyclopaedic survey for the research 
worker in this and allied fields and also 
provides an introduction to the subject 
for those with other or wider interests. 
It contains very complete references and 
good author and subject indices. The 
only complaint which will arise from 
the reader will be the high price level 
which research monographs of | this 
valuable type have reached. 


G. F. J. GaRLICK 


Radio Engineer’s Servicing Manual 
General Editor, E. Molloy. 760 pp., 585 figs. 
Demy 8vo. George Newnes Ltd. 1952. Price lo 

HIS book is in three sections; the 

first titled “General”, treats con- 
cisely such matters as efficient methods 
of servicing, reading diagrams, maintain- 
ing customer goodwill, and various 
aspects of routine servicing, testing and 
maintenance for different types of 
receiver. 

The middle section occupying most 
of the book, gives servicing data from 
32 manufacturers on over 300 basic 
circuits, in nearly 600 different models. 
Assembling all this information in a 
reasonably consistent form must be a 
way considerable task, in view of the 
wide variety of presentation on indivi- 
dual manufacturer’s sheets. In general 
the presentation has assumed a very 
consistent appearance. A little over half 
of the manufacturers show layout draw- 
ings of most of their receivers, as well 
as circuit diagrams, and all except one 
or two give alignment information and 
voltage check data. Perhaps a little 
more standardization of terms could 
have been achieved. Voltage Checks, 
Check Points, Valve Analysis, are 
different headings for the same informa- 
tion; also a few manufacturers list either 
Audio Output, Undistorted Output or 
just Output. 

It would still be good to see better 
standardization in the presentation of 
diagrams, Probably the feature leading 
to most practical difficulty is the varied 
presentation of switching using wafer 
type switches. Valve and trimmer— 
capacitor and coil—symbols also could 
do with standardization. These criti- 
cisms apply more to general practice 
than to this book in particular, which 
presents a wealth of useful information 
In extremely compact form. Other 
departures from general uniformity of 
presentation have been adopted to save 
space. 

The last section gives useful reference 
material, such as channel allocations in 
Britain and Europe under the Copen- 
hagen Plan, colour codes, preferred 
values, etc., and useful formulae with 
worked examples; two simple errors 
seem to have crept through here. 

The book has a useful general index, 
and a still more useful index to models 
for the servicing data, which covers the 
post-war period from 1945 to the date 
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of printing. It is doubtful whether any 
two authorities would agree’ exactly 
about the material to be included in the 
first and last sections, but the reviewer 
agrees almost entirely with the editor’s 
choice as giving the most useful informa- 
tion in its most concise form. 


N. H. CrowHurst 


Thermionic Vacuum Tubes 


By W. H. Aldous and Sir Edward Appleton. 6th 
Edition. 151 pp., 98 figs. Crown 8vo. Methuen & 
Co., Ltd. 1952. Price 9s. 6d. 
bbe is a completely revised version 
of the book of the same name by 
Sir Edward Appleton, first published 21 
years ago. The inclusion of almost 
every valve development during the 
years brings this work really up to date. 
After the introduction, an account of 
modern methods of valve manufacture 
and a brief theory of thermionic emis- 
sion are given. As in general, most 
valves have been developed from the 
diode and the triode, the comprehensive 
analyses of the operation of these two 
valves permits the somewhat less full 
description of multigrid valves which 
should be easily understood. The 
cathode-follower, phase-shift oscillators, 
noise, and the cavity magnetron are but a 
few of the diverse subjects described, 
The bibliography lists 119 references 
ranging from Richardson’s papers on 
emission to recent writings on travelling 
wave tubes. Mathematical analyses in 
the text are adequate, but not formidable. 
The c.k.T. is not described, as the authors 
consider that the electronic beam form- 
ing action is secondary to the production 
of light. Why then is the output 
pentode described? The control of its 
anode current is surely only secondary 
in a radio receiver to the production of 
sound! A chapter on the c.R.T. and a 
few additional references could only 
have enhanced the already considerable 
value of this monograph, which the 
reviewer has no hesitation in recommend- 
ing to the newcomer to the radio and 
electronic field. 


H. STIBBE 


Worked Examples for Advanced 
Electrical Students 


By D. I. Williams. 160 pp., 117 figs. E. & F. N. 
Spon Ltd. Demy 8vo. 1952. Price 18s. 

HIS volume is of much more value 

than the title suggests. It is not a 
list of questions and answers, but a 
tutorial book with theory developed and 
led to numerical examples, either in the 
text or reproduced from given examina- 
tion papers. It deals only with heavy 
electrical engineering; the only electronic 
subject being the mercury arc rectifier. 
Some errors mar the book; one question 
asks for R. and C., but answers are 
given for R: and C;. Although the text 
is reasonably correct as to standard 
terms and symbols, all but one of the 
diagrams show » for 2, a misleading 
feature due to bad D.O. practice not 
checked. . Similarly » is often used in 
mistake for w. ese errors tend to 
detract confidence from such a book, 
which careful checking would have 
avoided. 


*E. H. W. BANNER 
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— Categories | & 2. Together with a complete range of 


-ctifier. screening-cans & top-cap connectors. 








he text $$ 
of the Comprehensive catalogue of EDISWAN CLIX radio components available from 

as THE EDISON SWAN ELECTRIC COMPANY LIMITED 

a 155 Charing Cross Road, London, W.C.2. Sales Dept: 21 Bruton Street, W.1 
ERI4 Member of the A.E.1. Group of Companies 
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RICHARD THOMAS & BALDWINS ‘LIMITED |. - 


=. 


cores 


AND 


SPIRAL 


Cores 


MANUFACTURED FROM 


Alphasil 
GRAIN - ORIENTED 
LOW LOSS 


TRANSFORMER STEEL STRIP 


ALI MATERIAI MAT I IN ENGLAND 


CORELELAWORKS BRIERLEY HILL, STAFFS, 


“AT Park S Street, See. Rails! 
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A smooth, conducting layer of ‘dag’ colloidal graphite is easily applied to any surface by brush, 
spray or dip. It has a high black-body factor and is readily de-gassed. It is widely 
used as : 


* A coating for grids and anodes, giving lower working temperatures and less secondary emission. 


An external screen and internal electrode for cathode-ray tubes. 
A cathode material, transparent to radiations, for Geiger counters. 
‘dag’ colloidal graphite is available dispersed in water, alcohol, acetone, aromatic hydro- 


carbons, etc. Complete information and data are contained in Technical Publication 98. 
Please write to :— 


AL MESON COLL O@RS: £4 hM T:64 


1B oe NA oe COIN De Nagao a WV ae RECRLTKACE RAMS 
TELEPHONE: WHitehall 2034-7 TELEGRAMS: OILDAG, piccy, LONDON = DISPERSIONS 


TAS AC37 
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We’re flying high 
over out NEW lighIwe(gh! 
packaging / 


. for no matter what the atmospheric conditions, 
our new air-tight plastic containers for light alloy 
spools of fine gauge nickel-chrome resistance 
wires are impervious to damp and dust, giving 
life-long protection to those precise qualities of 
uniformity and accuracy upon which all users 

of Cromaloy V products rely. 


(Vacuum Melced) 
80 '20°;, 
NICKEL-CHROME 


RESISTANCE WIRE 


dm ASIS 


FAM'INATIONS 


JOSEPH SANKEY & SONS LTD. ‘stares’ 


LONDON OFFICE:—168, REGENT STREET, LONDON, W.1 
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Seer ee » 


FOR 
HIGH- 
FREQUENCY 


i 


INSULATION ~ 


Gitetecur 


The Coupling Coil shown is supported by our 
‘* FREQUELEX”’ Ceramic Rods, and forms part of a 
200 KW. Radio Transmitter. 
This is only one of many applications where Rods 
made to close limits are required. 
We specialise in the manufacture of Ceramic: Rods 
and Tubes of various sections in several classes of 
materials over wide dimensional ranges. 
The principal materials are : 
I. Porcelain for general insulation. 
2. Frequelex for High ay mgr insulation. 
3. Permalex and Templex for Capacitors : 














a 


Photograph by permission of the Standard Telephone & Cables Ltd. 


The degree of accuracy depends on the size of the 
Rod or Tube, but the standard degree of accuracy is 
outlined in the Inter - Service Component Manu- 
facturers’ Council — Panel R Specification embodied 
in our Catalogue of Radio Frequency Ceramics, 
copy of which will be sent on request. 


Large Rods up to 44” long and 1}” square are used 
as supports for Tuning Coils, etc. 


We shall be pleased to have your enquiries for all sizes 
of Tubes and Rods. Prompt deliveries can be given for 
most sizes. 


AUP 
es Bullers LOW LOSS CERAMICS 


BULLERS LIMITED, 6 Laurence Pountney Hill, E.C.4. Phone: MANsion House 997! (3 lines). Grams: ‘ Bullers, Cannon, London’ 
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ceramics 


STEATITE & PORCELAIN PRODUCTS LTD. 


Stourport-on-Severn, Worcestershire. Telephone: Stourport II|1. Telegrams : Steatain, Stourport SP8s 
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MPIA‘LONDON 
UN.30-JUL.S3 


STANDNS 2C 


Puase Measurine 
EouIPMENT LyPE RX103 


SPECIFICATION 


Frequency Range : 50 kc/s—-20 Mc/s. 
Minimum Input 


Level : 66 db below | volt. 
Maximum Input 

Level : 27 db below | volt. 
Maximum Level 

Difference : 39 db between the two 


points at which measure- 

ments are to be made. 
Accuracy : Attenuation Measure- 

ment -+-0.5 db. 

Phase Measurement : 


+3.° 





FRONT VIEW REAR VIEW ” 


This equipment has been developed and manufactured by Airmec from a General Post 

Office Research design. It was primarily intended for the measurement of the loop 

phase-shift and gain of feedback repeaters over the frequency range 50 kc/s—20 Mc/s, 

but it is equally suitable for the measurement of these quantities in amplifiers, filters, 
equalisers and other four terminal networks. 


Full details of this or any other Airmec instrument will be forwarded gladly on request. 


BS REE... 198 FICOMAE —.. UCM RAMamS: -— ENEEANe 
Go) eb aa oe Telephone : High Wycombe 2060 Cables: Airmec High Wycombe 
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MAGNETIC MATERIALS _ Extensive 
research and manufacturing facilities have established 
Mullard as the leading producers of magnetic materials. 
They were the first, for example, to introduce Ferroxcube, the 
world’s most efficient magnetic ferrite; ‘ Ticonal’ anisotropic 
permanent magnets, renowned for their high stability and high 
energy output; and Magnadur, an entirely new type of 
permanent magnet with the insulating properties of a ceramic. 
The wealth of experience gained from these developments is 
available to all users of magnetic materials through the Mullard 
advisory service. An enquiry to the address below will put a 
team of specialised engineers at your disposal. 


j= Mullard 


Mullard = Ferroxcube *‘TICONAL’ PERMANENT MAGNETS - MAGNADUR (Formerly Ferroxdure) 
oe. Setruced inte PERMANENT MAGNETS . FERROXCUBE MAGNETIC CORE MATERIAL 


rods for H.F. cores. 
MULLARD LTD., COMPONENT DIVISION, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2. 


(390) 
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Marconi Television for Italy 





Equipment purchased 
by R.A.I. through Italian 
Marconi Company includes: 


74 kW vision transmitters 


2} kW sound transmitters 
@ Marconi Image Orthicon Cameras 
© Complete studio installations 


© Two mobile O.B. television units, 
complete with micro-wave links. 











A B.E.A, photograph 





The largest export order for television equipment placed in Britain has 
been awarded to Marconi’s Wireless Telegraph Co. Ltd. by the Italian 
State Broadcasting Corporation. 

The order includes large complete studio centres at Milan and Rome, 
O.B. units for Rome, and medium power transmitting stations at 
Rome and Pisa. 

This order follows those for television installations in the U.S.A., 
Canada, South America and Thailand. 

Marconi high power or medium power transmitters and high power 
aerials have been installed in every one of the B.B.C.’s television 
transmitter stations. 


MARCONI 


television transmitting equipment 


MARCONI’S WIRELESS TELEGRAPH COMPANY LTD - CHELMSFORD .-. ESSEX 


MAY 1953 


49 ELECTRONIC ENGINEERING 








E{LIOTT 


THE FINEST TRADITIONS OF 
INSTRUMENT TECHNIQUE APPLIED TO 


electronic engineering 


Here are two examples from the wide range of Elliott Electronic Equipment for Research, 
Laboratory and Industrial use. Incorporating engineering techniques developed in 
more than a century and a half of leadership in fine instrument design and construction, 
Elliott Electronic Equipment is the choice of the experienced electronics engineer. 


TEN GHANNEL STRAIN 
DISPLAY EQUIPMENT 


The first of its type in the world, this 
portable, self-contained “unit displays 
and measures strain amplitudes, singly 
or simultaneously, at 10 different points, 
as required. Additionally, strain wave 
forms, with vibration frequencies up to 
3kc./s., can be displayed on all ten 
channels. Price £460 nett ex Works. 


















LABORATORY MAGNETIC 
AMPLIFIER TYPE MA. 112 


Compact, capable of being set up 
rapidly in various circuit forms, this 
flexible, general purpose instrument 
has been designed to enable electronic 
engineers to get the feel of magnetic 
amplification and-to determine 
whether a particular problem can be 
solved by this method. Of wide 
application in technical schools, 
colleges, development laboratories 
and research establishments. 

Price £40. 6s. Od. nett ex Works. 


VISIT STAND NO. 5F 
BRITISH INSTRUMENT 
INDUSTRIES EXHIBITION, 
OLYMPIA, JUNE 30-JULY I! 





WRITE FOR FULL DETAILS. 
ELLIOTT BROTHERS (LONDON) LIMITED, CENTURY WORKS, LEWISHAM, LONDON, S.E.13 © Telephone: TiDeway 3232, 
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Made to} measure... 


The Gaumont-Kalee Flutter Meter is 
an instrument designed to measure small 
deviations from constant speed occurring in 
sound recording and/or reproducing mach- 
ines. Consisting of a narrow band amplifier, 
a limiter, a discriminator and detector, and 
a metering system, the whole unit is self- 
contained with its own power supplies. 

The meter responds down to zero fre- 
quency and will therefore indicate accurately 
the lowest wow components present. The 
power consumption is 100 watts and the 
main characteristics of the instrument may 


be summarised as follows: 











SERS TIO REE 





Operating carrier frequency 

Minimum input signal 

Input impedance 

Input amplifier band width — 2db at 
Effective limiter range 

Peak wow meter F.S.D. 

R.M.S. Meters F.S.D. 

R.M.S. Meters F.S.D. on divide by 5 range 
Cross over frequency 

Flutter meter response 


Wow meter response 
C.R.O. Output frequency 
Analyser output frequency response 


Analyser output for 1% peak to peak deviation 


Analyser output must be closed upon 0.5 megohms. 
All meter presentations, accuracy + 5% of F.S.D. 


GAUMONT- 


Full details of thisequipmentmay be obtained 
G. B.- KALEE LTD. 


A member 
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3,000 C.p.s. + 5% 

100 mV 

0.5 megohm 

2,500 and 3,500 c.p.s. 

5:1 

+ 1% peak (centre zero) 
1.0% R.M.S. 

0.2% R.M.S. 

20 c.p.s. + 10% 

— 3db at cross over 

— 2db at 200 c.p.s. 

— 8db at 300 c.p.s. 

— 3db at cross over 

— 1db at } c.p.s. 

Level down to zero frequency 
— 2db at 200 c.p.s. 

— 2db at 400 c.p.s. 

— Idb at } c.p.s. 

3 volts R.M.S. approx. 


KALEE uth meter 


TYPE 564 
from The Studio Dept. 


Mortimer House, 37-41 Mortimer St., London, W.1 
Company of British Optical & Precision Engineers Ltd. 
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NEW 


EGEN MINIATURE 
POTENTIOMETERS 







TYPE 115 


Designed to meet the demand for Egen 


reliability within the smallest possible compass, | 


these exceptionally small carbon potentiometers 
(%” diameter) retain all the desirable features of 
their standard-size counterparts. The special Egen 
carbon deposition process ensures a highly stable 
resistance element of extreme durability. 








Double-contact rotor 
provides firm balanced 
contact with exceptional 
freedom from wear and 
noise. Positively located 
soldering tags, silver plated 
for easy soldering. All steel parts rustproofed. 
Standard resistance values available, from 5000 ohms 
to 2 megohms. 


TYPE 105 


Type 115 is identical to Type 105 
except that a 2-pole Q.M.B. switch is incorporated. 





SUB-MINIATURE VOLUME CONTROLS 
For use in Deaf Aids and other 
miniature electronic apparatus 


PRE-SET RESISTORS 
A wire-wound pre-set 
resistor for panel or 
chassis mounting 


Export enquiries welcomed 





POTENTIOMETERS 





EGEN ELECTRIC LTD., CHARFLEET INDUSTRIAL ESTATE, 
CANVEY ISLAND, ESSEX, PHONE: CANVEY 691-2 
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AIR-SPAGED ARTICULATED 


©-vA\ XX CABLES 


offer a unique combination of 

W FRACTIONAL CAPACITANCE 

Vv HIGH IMPEDANCE 

‘v MINIMUM ATTENUATION 

ALONG WITH 

|W EXCEPTIONAL FLEXIBILITY 
/ LIGHT WEIGHT 


38 STOCK TYPES 


FOR ANY OF YOUR STANDARD 


| OR SPECIAL APPLICATIONS 


A few of the very low capacitance types are: 








Type No. Capacit. uu F/ft.| Impedance ohms O.D. 

C.44 4.1 252 1.03” 

C.4 4.6 229 1.03” 

C.33 4.8 220 0.64” 

c3 5.4 197 0.64” 
C.22 5.5 184 0.44” 

C.2 6.3 17! 0.44” 

C.1I 6.3 173 0.36” 

c.I 73 150 0.36” 




















i 
TRANSRADIO 


I Zar 


138, CROMWELL ROAD, LONDON, S.W.7 


CONTRACTORS TO 
H.M. GOVERNMENT 
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QUARTZ CRYSTAL 


From take-off to touch-down, the safety of the aircraft is U Bes TS 
dependent on trouble-free radio contact being maintained. 

a components used in the radio equipment must be the best 

obtainable. 


For reliable communications under all conditions, use G.E.C. 
Quartz Crystal Units. 


Write today for list Q.C. 5012(R) 


SALFORD ELECTRICAL INSTRUMENTS LTD 
A Subsidiary of THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 
PEEL WORKS - SILK STREET -- SALFORD 3 - LANCS. 










UNBEATABLE 2! 


For mechanical and electro-magnetic counters, we 
offer an unbeatable service to satisfy your 
particular problem. Your 

enquiry is invited. 





Full details of the counters 27 APRIL — 8 MAY 
EARLS COURT & OLYMPIA 


illustrated are available on request. LONDON 


SEE OUR EXHIBIT 


STAND No. B40" 


(¢7 COUNTING INSTRUMENTS LTD. 








5, ELSTREE WAY, BOREHAM WOOD, HERTFORDSHIRE Telephone: ELSTREE 1382-3-4 
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PRESSINGS « FABRICATIONS 

















Qe, 
METAL 


METER COVERS 





The items illustrated show 
only a few of the electrical 
components manufactured 
by us for the electrical 
trade in our self-contained 
factory. We manufacture 
our own Press Tools, 
Fabrications, Spinnings, As- 
semblies, and are able to 
undertake all kinds of metal 
finishes. 


LAMINATIONS 


IMPELLERS 


Economically 






ADAMS BROS. & BURNLEY LTD. 


Elmgrove Road - Harrow - Middlesex 2) roduc ed w ith 


Teleph >H 6411 (5 li ° 
elephone arrow (5 lines) Multi-tool set up 
INSTRUMENT PANELS MOTOR HOUSINGS - MICROPHONE COMPONENTS 





PHILIPS 





GM6005 — a sensitive mains operated 


valve voltmeter for the measurement 





of voltages in the range 20 c/s to 1 Me/s 
Features :- 


1. 0-10 mV—O-300 V F.S.D. in 10 ranges. 4. Input impedance 
2. Covers the frequency range 20 c/s to | Mc/s 10 mV to | V at 20 Kes=1.5 M.ohm, < 15 pf 
3. Overall accuracy error <5% 3 V to 300 V at 20 Kcs=1.9 M.ohm, < 6 pf 


Specially recommended for A.F. work and vibration investigations. 


INDUSTRIAL X-RAY EQUIPMENT - ELECTRONIC APPARATUS De i p E LE CTR i C Al iTD 
LAMPS AND LIGHTING EQUIPMENT - ARC AND RESISTANCE : e 
WELDING PLANT AND ELECTRODES - MAGNETIC FILTERS = INDUSTRIAL DEPARTMENT 


BATTERY CHARGERS AND RECTIFIERS - H.F. HEATING 
GENERATORS + RADIC AND TELEVISION RECEIVERS CENTURY HOUSE «. SHAFTESBURY AVENUE + LONDON W.C.2 


(P1285) 
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Scottish Oils Limited 
University of Sheffield 


Revertex Limited, Harlow, Essex 
De Havilland Aircraft Company 
University of Manchester 
Ferranti Limited, Edinburgh 


Bolton 1840/4. 


Recent contracts include installations for : 


British Nylon Spinners, Pontypool 


CYGNET JOINERY LIMITED, 
HIGHER SWAN LANE, BOLTON. 


CYGNET 


LABORATORY FURNITURE 


“CYGNET”’ Benches, with heat and acid-resisting 
tops; Racks, Fume Cupboards, Cabinets and 
Shelving are made in a large range of standard 
units or to specification. Complete installations or 
single pieces for Electronic, Chemical, Phys- 
ical and other laboratories at keen prices. 































Weight |} Ib. 


200-250 Volts. 
50-60 ¢ s A.C. 


Consumption 
o 
/ 





DAWE . 


mains-frequency 


ya fe]: fe) j ole] if = 


_.. for examining ‘slip’ in synchronous 
motors and similar devices where the speed 
is directly related to the mains frequency 


now in production! 


Technical data from : DAWE INSTRUMENTS LTD. Instrument Division 
130 UXBRIDGE RD., HANWELL, LONDON, W.7 EALING 6215 
or from your Regional Agent 


Midlands North of England Cheshire Scotland West of England 
Hawnt & Co., Ltd., A. C. Farnell, Lted., F. C. Robinson & Ptnrs., Ltd., Land, Speight & Co., Ltd., A. H. Radford, A.M.1.E.E., 
59, Moor Street, 15, Park Place, 287, Deansgate, 73, Robertson Street, 4, Acraman’s Road, 
Birmingham, 4 Leeds, | Manchester, 3 Glasgow, C.2 | Bristol, 3 

Central 6871 Leeds 32958 Deansgate 660! Central 1082 Bristol 64300 








%* Visit us at Stand No. 3A, British 


MAY 1953 


Instrument Industries Exhibition, Olympia, London, June 30—July II 
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MODERN RADIOGRAMS 


by the leading manufacturers are fitted with Garrard Precision 
record changers because they are dependable. 


THE NEW GARRARD RC75A 
AUTOMATIC RECORD CHANGER 


which automatically plays ten 12 in., 10 in. or 7 in. records at 
either 78, 45 or 33} RPM is also available as a separate 

unit for fitting to existing single speed record playing 
instruments. 


These units are now being nationally advertised and to assist 
dealers in developing this side of their business a special 

display show stand is available free of charge to accredited agents. 
on application to the factory. Stock models of all Garrard 
Products are also available for immediate delivery. 

Please write to the Swindon Factory for full particulars. 





THE GARRARD ENGINEERING 


orang meeantaam CUED 












ee aig om = = 
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You can now avoid the slightest risk that 
delicate electronic instruments will be 
“Damaged in Transit”. HAIRLOK, which is 
a new form of resilient packing, ensures 


ray 
The shape 
perfect protection because it is moulded to fit 


the shape of the product exactly. It can be QO f thing s e \ 


moulded as hard or as light as required and t G () 

will withstand any shock load including low QO 3 ee ee 
frequency vibrations and varying climatic con- 

ditions. HAIRLOK complies with government 
specification and is non-staining to silver. 
To ensure that equipment is ‘‘Received in Per- 
fect Condition” specify Hairlok packing. We 
shall be glad to send full details on request. 


 / 






THE Co. LTD. 


IDDESLEIGH HOUSE, CAXTON STREET, LONDON, S.W.1!. TELEPHONE: ABBEY 6722. 
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L.N.D. certainly knows what 
he is talking about. Lewis of 
Redditch design springs to do 
just the job you want, and they 
turn them out from top-quality 
materials so that they will last 
as long as your product. It 
might be worth while to have 
a word with us, don’t you 
think ? 


— : 
— = 
a eae 
——s 


Established 1919. A.I.D. approved 





7 LEAVE /7 TZ 











Ty LEws 
of. QF REDDITCH 





THE LEWIS SPRING CO. LIMITED 


RESILIENT WORKS - REDDITCH 
Telephone : REDDITCH 720/1/2 


London Office : 321 HIGH HOLBORN, W.C.! 
Telephone : HOLBORN 7479 & 7470 


Photograph by 

; courtesy of 
i Doran Instrument 

Co. Ltd. 













Another typical example of the use of 
Murex ‘Sincomax’ Magnets where the 
need is for high magnetic stability and 
efficiency. In this application as in many 
others Murex Sintered Magnets continue to give 
accurate and reliable service. 





MU R EX LIMITED (Powder Metallurgy Division) 
RAINHAM «+ ESSEX © Rainham, Essex 3322 
London Sales Office: Central House, Upper Woburn Place, W.C.I Euston 8265 
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This plastic backed, strong and reliable tape offers 
high fidelity reproduction over a wide range of 
playing speeds and recording conditions. 

Medium coercivity gives a high signal output with 
an extended high frequency response, while 





‘Scotch Boy’ 


=) 004 








300 ft. 1200 ft. 
Write for further particulars : 


retaining ease of erasure. Signal/noise ratio ® high; 
transfer and distortion negligible. 

‘Scotch Boy’ is used by the B.B.C. and most other 
big recording and broadcasting corporations. 





2250 ft. 


MINNESOTA MINING & MANUFACTURING CO. LTD, 167 STRAND, LONDON W.C.2 TEMple Bar 6363 ANOTHER ED vioovcr 
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WORLD RADIO 
AND ELECTRONICS 





have several progressive posts to fill in their 
Technical Sales and Development departments. 
Radio Engineers with an eye on their future 


are invited to write in confidence to : — Sales Director, 











MAY 


{ ADJUSTABLE TYPES 
LG, | In ranges covering —30° to +600° 


y “Ge C (or °F equivalent) ; of straight or 
y e : angular pattern; for shallow or deep 


immersion; with or without metal 


a Mi DS & frame. Maximum switching capacity 
Oy, RS 32 mA at 230 volts A.C.;  tem- 


-. 


} KEIO perature-differential .O1° or .001° 
F)LTD (0660 
(OF HENDON) 


Ce eed 


FIXED TYPES 
In ranges covering —30° to +4300° 
C (or °F equivalent); straight or 


—the bebactt bat: beaks for : angular pattern; temperature 
differential .01° 


OLO)\' bh UOuk BECKMANN TYPES 


In ranges covering —30° to +300° 


THERMOMETERS |) (v.72 cisome 


differential .O1°. 


erent cache 
LGN CMTE R IR OCONEE INH open eo, 


Temperature control relays supplied 


Highly efficient for alltypes of contact thermometer. 
teak ol -ba- lav bao merey ale de)! 
Enquiries and orders to 


to close limits ELECTRO METHODS LTD. (Division CT 1), 
220 THE VALE, LONDON W.W.11 
1 GLAdstone 6611 
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BERCO / BT. Voltage Control Equipment 


@ 
BERCO/B.P.T. voltage regulating and stabilising equipment is designed 


to afford a constant supply voltage to industrial scientific and electro-medical e 
apparatus —and to all other electrical equipment which is normally sensitive e 
to voltage fluctuation. Standardised sizes and ratings in single, » 
three phase, hand operated and motor driven models meet 
most requirements but special designs can be made e 
© where necessary. Complete details and e 
sah © specifications obtainable without 
ce oem A ® obligation. Please write for 4 bd 


equipment, electric @ booklet 5091. e 
furnace control, radio 
and scientific equipment, ©® , ° 
process control, chemical e 
analysis, X-ray and electro- 
medical apparatus, meter test- e . 
ing equipment, and wherever a ® 
process depends on a constant 
supply voltage. cs e 

e 


Hand operated 
BERCO “ Regavolt” 
(single phase). 
* 
s 


THE BRITISH ELECTRIC RESISTANCE CO. LTD. 
BRITISH POWER TRANSFORMER CO. LTD. 


30 KVA three phase Queensway sd Ponders End si Middiesex 


cubicle type automatic 
regulator. e Telephone: HOWard 1492 Telegrams: ‘‘Vitrohm, Enfield’’ 
* BR/BP5091/TH 























IN 


DUNLOP 


STATIGUN 


FOR THE MEASUREMENT OF 
ELECTROSTATIC CHARGES 


A self-contained battery operated instrument for the direct 
indication of voltage gradient: reads on three ranges with 
full scale values of 2 kilovolts per foot to 200 kilovolts per 
foot. 


In use it is pointed at the charged surface and if necessary 
adjusted for range. 


It will indicate if the charge is positive or negative. 


OF PARTICULAR APPLICATION TO ALL PROCESSES 
IN WHICH ELECTROSTATIC CHARGES ARE _ DE- 
VELOPED AND MAY BE A NUISANCE OR SOURCE OF 
DANGER. 


It will also measure charge and resistance to earth with extra 
accessories. Weight 3} Ib. 
Write for Leaflet E.E. 123 


BALDWIN INSTRUMENT CO. LTD., DARTFORD, KENT 


Telephone: Dartford 2989 & 2980 
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Technical Control 


Close technical control of production is an all- 
important factor in the manufacture of Telcon 
Metals. Accurate tests and measurements are 
made at various stages in the course of production 
and the illustrations show two of the many routine 
examinations conducted in our well-equipped 
laboratories. 





Routine Factory testing of Mumetal 
toroidal cores. 


Precision measurement of magnetic 
characteristics of toroidal Mumetal 
cores by the Ferrometer. 





MAGNETIC ALLOYS — Mumetal, Radiometal, H.C.R., 
Rhometal, Permendur, R2799, 36/64, Dust. 

RESISTANCE ALLOYS — Pyromic, Calomic, Telcuman, 
Telconstan, Telconal. 

SPECIAL ALLOYS — Thermostatic Bimetals 140, 400, 15, 
Telcoseal, Invar, Beryllium-Copper. 


TELCON The Telegraph Construction & Maintenance Co. Ltd 
V—N Head Office: 22 Old Broad Street, London, E.C.2 
Telephone: LONdon Wall 7104 
Enquiries to: Telcon Works, Greenwich, London, S.E.10 
Telephone: GREenwich 3291 
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A SIMPLE OPTICAL SYSTEM FOR 
TELEVISION PROJECTION 


(a) Front-aluminised mirror 
(b) Cathode ray tube 
(c) Schmidt correction plate 


(d) Focusing and deflexion coils 





VACUUM COATING DELIVERS THE PICTURE... 


via highly reflecting, 
non-tarnishing, front- 


surface mirrors. 


Highly reflecting, front-aluminised mirrors play 
a vital part in the production of optical systems 
for large screen projection television, and the 
demand has required the development of vacuum 
aluminising of mirrors from a_ laboratory 
technique to a large scale industrial process. 
Progress in this field has depended on the vacuum 
engineer producing the plant including special 
pumps, valves and gauges that are needed for the 
rapid coating cycles and faultless operation so 
essential to industrial processing. 

Illustrated is a typical Edwards production plant 
which fulfills all the needs of large scale processing 
of mirrors and other electronic components which 
require vacuum coating. 











W. EDWARDS 


for better vacuum service . .. x co, (LONDON) LTD., LONDON, 5.£.26 


Tel: Sydenham 7026 (8 lines) Grams: Edcohivac, Souphone, London 











Bare & Insulated 


esistance Wires 
Re EKA (eqs) and VACROM (hood) 


CUPRO-NICKEL NICKEL-CHROME 





* Eureka’ (Regd.) and ‘ Vacrom ’ (Regd.) Resistance Wires can be supplied 
BARE or with STANDARD COVERINGS of cotton, silk, rayon, enamel 
and glass. 

These wires have been used for many years for winding resistances for 
instruments, control apparatus, etc. 

‘Eureka’ with its low temperature coefficient is always in demand for 
precision work, while Nickel-Chromes are used where a high resistance 
is required in a limited space. 


Full details gladly supplied upon request 





VACTITE WIRE COMPANY LTD. 
75 ST.SIMON STREET, 
SALFORD 3, LANCS. 


THE LONDON ELECTRIC WIRE COMPANY 


AND SMITHS, LIMITED 
LEYTON, LONDON, E.10 
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STEALITE 





... for all high 


frequency applications 





Over a century of ex- 
perience in this highly 
specialised field. 

We invite your enquiries. 


Machined to special designs and fine limits 


WILLIAM SUGG & COMPANY LIMITED 
RANELAGH WORKS, CHAPTER STREET, WESTMINSTER, S.W.!. ViCtoria 321 





| WESTMINSTER }} 








SULLIVAN-GRIFFITHS 
PORTABLE UNIVERSAL AC-DC BRIDGE TESTER 


FOR DIRECT READING MEASUREMENTS OF 
RESISTANCE, INDUCTANCE, CAPACITANCE AND CONDUCTANCE 


RANGES RANGES 
RESISTANCE CAPACITANCE 
A.C. & D.C, 30 pF to 30 uF 


0.3 ohms to 
3 megohms 


INDUCTANCE 
CONDUCTANCE 30 wH to 30 H 
0.3 micromhos 
pre e ACCURACY 
| per cent 
ACCURACY 
| per cent 








L a | V A N List No. AC900—Universal AC-DC Bridge Tester (with 
H ° W e S U self-contained source), 


LIMITED List No. AC90I—Simple model for AC measurement 
capacitance, resistance and conductance 


L O N D O N ’ S « E.| 5 ae only (also with self-contained source). 
Telephone : New Cross 3225 (P.B.X.) 








MAY 1953 63 ELECTRONIC ENGINEERING 





Name a part you require. Webb’s 
can provide it from their large stocks 
of all types of component parts and 
complete apparatus. 


Phone GERrard 2089 for immed- 


iate service. 


Ge NEZ.ao_) 


14 SOHO ST., OXFORD ST., LONDON, W.I. Phone GERrard 2089. Shop Hours 9 a.m.—5.30 p.m. Sats. 9 a.m.—l p.m. 














PRECISION SHEET 
METAL WORK 


INSTRUMENT CASES + RADIO + RADAR AND 
TELEVISION PROTOTYPE CHASSIS - TEST EQUIPMENT 
CASES + PANELS + BENCHES AND RACKS, ETC 





CONTRACTORS To HM GOVERNMENT 


\ MST LONDON IRON & WIRE WORKS LTD. 


WIRE AND MET ae Gn Oe a Se) 


6! OSBORNE ROAD - ACTON : LONDON W.3 


TELEPMOME ACORM 1002-0567 TELEGRAMS tTHER EALUK LONDON 





ORKERS 
i 
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High quality cathode-ray 
recording instruments 


* Trolley or table mounte 


%* Visual or recording 

%* Specialised F.M. and D.C. 
Amplifiers 

% Pick-ups for measuring 
Pressure, Force, Vibration, 
Accelesation;: ete, 





MES single-channel recorder 


Please write for New Catalog sen bolas alae 


SOUTHERN INSTRUMENTS LIMITED 
HAWLEY * CAMBERLEY « SURREY 


Telephone: Camberley 1883-4. Telegraphic Address: ‘*‘ Minrak, Camberley, England” 











FOUR-WAY ELECTRONIC 
MIXER 


This unit has 4 built-in, balanced 
and screened microphone trans- 
formers, normally of 15-30 ohms 
impedance. It has 5 valves and 
selenium rectifier supplied by its 
own built-in screened power 
pack : consumption, I4 watts. 


Suitable for recording and dub- 
bing, or large P.A. installations 
since it will drive up to six of our 
50 watt amplifiers, whose base 
dimensions it matches. The 
standard model has an output 
impedance of 20,000 ohms or 
less, and any impedance can be 
supplied to order. 





Manufactured by : 


VORTEXION LIMITED 


257-263, THE BROADWAY, WIMBLEDON, LONDON, S.W.19 


Phones : LIBERTY 2814 & 6242-3. Grams : ‘“* VORTEXION, WIMBLE, LONDON ”’ 











MAY 1953 65 ELECTRONIC ENGINEERING 























Nowhere in the world will you 
find an exhibition specialising in 
instruments and instrumentation, 





of the size and scope of 
THE BRITISH INSTRUMENT INDUSTRIES EXHIBITION 






Every field of instrumentation in Industry, Medicine, Research and 
Education is covered. You will be able to see all classes of temperature, 
pressure and flow controllers for industrial use, complete equipment 
for sea and air navigation and land surveying, British equipment for 
the research laboratory in pure and applied science, and precision 
equipment in such diverse fields as metrology and photography. 








assistance, or an official catalogue 


The full scope of the products of the British Instrument 


IT’S CORONATION YEAR! Industry will be revealed at this exhibition. Present users of 

: instruments and industrialists, whose problems might bce 

Accommodation should be booked as solved by appropriate instrumental control, will find a visit 
early as possible. If you require any to this exhibition extremely rewarding. 





of the exhibition if you are unable to F. W. BRIDGES & SONS LTD., 


come, write to the Organizers :— 





GRAND BUILDINGS, TRAFALGAR SQUARE, 
PHONE: WHITEHALL 0568. TELEGRAMS & CABLES: 


LONDON, W.C. 2 


SEGDIRB, RAND, LONDON ~ 























| jg = you considered 


~| BEL ? 






On the ‘Mauretania’ and the two ‘Queens’, on railway systems 
throughout the world, certainly in your own car, Cooper’s 
felt is proving an invaluable material for a surprising number 
of purposes. Have you considered felt? One of Cooper’s 
experts will be happy to answer any questions. 


COOPERS 





720 


HARRISON BROS 


(PLA 








As manufacturers of Ther- 
mo Setting PLASTIC 
MOULDINGS, we specialise 
in the requirements of the 
Electrical and Radio trades 
for such items as control 
knobs, insulators and many 
other components. Our 
prices are co: petitive and 
delivery is prompt. May 
we quote you ? 


Established 1928 


STIS SLALIMITED 


Please send all enquiries to Head Offic and Works: 39-43, BRANSTON ST. BIRMINGHAM :18 


COOPER & CO. (B’ham) Ltd. 
BRYNMAWR, BRECONSHIRE | : 
Tel.: Brynmawr 312 i Telegrams: Felting Brynmawr | PO sonry 2 
Registered Office & Works: Little King Street, Birmingham, 19 


Telegrams : 


** ARISUN, Phone, Birmingham ” 





ELECTRONIC ENGINEERING 66 


MAY 1953 





~~ 


jl 


eee ez 
z 


Tr 
in 





er- 


jise 
the 
Jes 
rol 
iny 
Jur 
ind 
lay 





POWER 
TRANSFORMERS 


up to a rating of 


100kVA 


are manufactured 
by 


AIRMEC 
LIMITED 





Airmec Transformers are designed to the most 
stringent specifications, and are manufactured of 
only the highest quality materials. 


Whether your requirements are large or small 
you are cordially invited to send us details. We 
know you will find it worthwhile. 
AIRME HIGH WYCOMBE 

BUCKS 
Ro Te Pee ae Tel : High Wycombe 2060 





The LATEST and 
IMPROVED TAPE | 


i 


For all popular tape recording machines Sj 


parent perfectly balanced 
plastic spools which fit all 
popular types of tape re- 
corders. FERROVOICE 
improves the performance 
of all recorders. Provides 
’ twin-track recording of 


quality and faithfulness. 
Tape wear and rotation 
noises are reduced to the 


gives the highest standards 
of recording and repro- 
duction. 





width 0.247 in. +0.001 in. 
Medium coercivity — ease 
NOTE THESE OUTSTANDING FEATURES: Scone 08 da ae 10 Kate 
. ° : . ns c/s to ¢, 
* bn col gay recording with uniform at 7} in. per sec. Length 
@ High play-back level and low noise 7” diam. 
component. 
@ Lightweight precision balanced spool. 
@ Ferrovoice spools keep wear, tear 
and rotation noise to a minimum. 





PRICE 


22% 


( 
\ 
\ RETAIL 








invited. 
ene Grn LTD, 38 GROSVENOR GARDENS 


LONDON ’Phone SLOane 9129 
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Specially wound on trans- | 


the highest standards of | 


minimum. Ferrovoice | 


Technical features:—Tape | . 


of tape 1,200 feet. Spool | 





ments 


for tYUCT Hi. 


This outstanding ‘‘ Standard’’ V.H.F. Attenu- 
ator now in its second year of production 
remains the first and only accurate instrument 
of its kind and continues to meet a heavy 
demand from leading organisations and 
authorities the world over. 


Four models now available 





Characteristic Impedance | 75 ohms | 50 ohms 


ee SE = SORE Tei WORE 
0-9dbin I dbsteps | Type 74600-A | Type 74600-E 
0-90 db in 10 db steps | Type 74600-B | Type 74600-F 














All types will handle inputs up to 0.25 watts 


Accuracy of D.C. adjustment 


0-9 db Models: The .insertion loss error will not 
exceed -+0.05 db for any setting. 

0-90 db Models: The insertion loss error for the 
90 db setting will not exceed +0.3 db. For other 
settings this limit falls linearly to a value of +0.06 db 
at the 10 db setting. 


High frequency performance 


0-9 db Models : At 50 Mc/s the insertion loss error 
for the 9 db setting will not exceed +0.15 db. For 
other settings this limit falls linearly to a value of 
+0.05 db for the | db setting. 

0-90 db Models.:. At 50 Mc/s the insertion loss error 
will not exceed --0.1 db per step. N.B. All insertion 
loss errors are relative to zero db setting. 


Ready for Building into your own equipment. Calibra- 
tion charts for frequencies up to 100 Mc/s for the 0-9 db 
models or 65 Mc/s for the 0.90 db models can be supplied 
on request. 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2. 


TRANSMISSION DIVISION, NORTH WOOLWICH, LONDON, E.16 
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MOLY can solve your difficult lubrication prob- | 
lems. Ragosine MOLYBDENISED LUBRI- | 
CANTS are already in production use for :— 


Turbine Disc Bolts on Jet Engines @ High | 
Temperature Oven Chain and Conveyor Lubrica- 
tion @ Pressure Die Casting @ Deep Drawing 
and Heat Stamping @ Gas Cock and Valve 
Lubrication @ Shrink Fitting of Bushes © | 
Tapping, Thread Cutting and Drilling of Tough 
Metals @ Press Fitting @ Running-In Crank- 
shaft Bearings @ High Temperature Thread | 
Lubrication and Anti-Seize Compound @ Plastic 
Moulding Machines @ Gear Trains on Small | 
Precision Machinery @ Heavily Loaded Bear- | 
ings @ Lubrication of Plastic and Rubber 
Parts @ Food and Dairy Machinery @ Turret 
Slides. 
and many other purposes. 


RAGOSINE | 


MOLYBDENISED 
WS” LUBRICANTS 


Full details of complete range, prices and packing from— | 


RAGOSINE OIL CO. LTD. 
IBEX HOUSE, MINORIES; LONDON, E.C.3. 
Minerva House, Woodlesford, Nr. Leeds. 


Isotopes in Industry and Research 


ISOTOPE 
DEVELOPMENTS ARE 
MAKING STANDARD 

EQUIPMENT 


in the Radioactive field 





THE E.H.T. SUPPLY UNIT TYPE No. 532 


The E.H.T. Supply Unit is a very stable source of high 
voltage designed for the operation of Geiger-Miiller tubes, 
ionisation chambers and proportional and _ scintillation 
counters. 


OUTPUT VOLTAGE: Conti- Output ripple less than 0.03 
nuously variable over three volts R.M.S. 

ranges: 300-3000 volts at OUTPUT IMPEDANCE: Less 
3 milliamps. than 500 ohms. 

OUTPUT VOLTAGE REGULATION: STABILITY: Short term drift 
Less than 0.05% change for _ less than 0.1% per 10 hours. 
10% change in mains input Long term drift less than 
voltage; mains frequency 0.2% per 100 hours. 
variations are included in METER: Five inch first grade 
this regulation. rectangular scale. 


Standard equipment, easily serviced, is now being produced in quantity. 
Servicing manuals are available and Isotope Developments run a prompt 
maintenance service for all their equipment. 

A wide field is being found for the many uses of radioactive isotopes and 
advice is given willingly on application. 





120, MOORGATE, LONDON, €E.C.2 


Telephone : METropolitan 9641 (5 lines) 





Midland Agent : Northern Agent: 
HAWNT & CO. LTD. A. M. LOCK & CO. 

59 Moor Street Cr p Street, Chadderton 
Oldham, Lancs. 





Birmingham, 4 
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Prototype and 


Specialists in J 
uipment. 


Production Electronic E 
Expert advice is available for 
problems calling for “One or two 
off” jobsfup to quantity orders 
We will prepare to customers’ speci- 
fications or design complete units. 
Applicationssare wide and varied but 
some interesting recent developments 
include Electronic Timers for auto- 
matically compensating load- 
shedding effects on welding plant. 
Demagnetizers for pin machines. 
Electronic noise detectors. 

Metal detection devices for the Food 


Industry. 
Photographic high-sveed flash units. 


EVANS 
ELECTRONIC 
DEVELOPMENTS 
LIMITED 


Evonic Works, 
Birchfield Road, 
Birmingham 19. 


Tel. NORthern 0792 





FIXED CONDENSERS 
OF ALL TYPES 


Both Paper & Mica 


Large stocks available 
for immediate delivery. 
Your specific enquiries, 
giving full details, will 
receive immediate 
attention. Our prices 


show substantial savings, 


; 


CLAUDE 


Electrical & Radio Laboratory Apparatus 


LYONS LTD. 


180 Tottenham Court Rd., London, W.|. 
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Specialists in 
INSTRUMENT 
PRESSINGS 


At The Hampton Works we 
prove that there are un- 
limited possibilities with 
presswork—especially in 

the production of small 
parts for the Electronic 
and Electrical industries. 
Our claim as master 
craftsmen in pressings 
is your assurance of 
complete _satisfac- 
tion. Every order is 

. handled with ex- 

treme care and 
given prompt 
attention. We 
welcome your 

enquiry. 

























Ye HAMPTON WORKS 


TAM PINGS) LIM EFEO 


PE F 


TWYNING ROAD. STIRCHLEY, BIRMINGHAM. ENGLAND 
Te! . KINgs Norton 290} (3 ‘Grams Radia Bha 


nes) Gr 


SPURS 
SPIRALS 
BEVELS 


/ 
8-100D.P. / 


Cif \\ \ 


= STATION ROAD 
BROOKMANS PARK, HERTS. 
Tel:- HATFIELD 3130 
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REDUCE YOUR 
PRESS TOOL COSTS 










THE HUNTON UNIVERSAL BOLSTER OUTFIT 
FOR SHEET METAL PIERCING AND 
BLANKING ON FLY PRESSES 












Bolster Frame with 
2 adjustable gauges 
and insertable steel 
Holders for Dies 
tin. to 3} in. bore 
diameter. 


, Two Punch Holders 
with detachable 
i, positive-action 
j, Strippers take the 
“complete range of 
Punches 4 in. to 
33 in. diameter. 


Equip your Press with the 

Hunton Outfit and use inexpensive 

standardised Punches and Dies 4 in. to 3} in. diameter 

bt ble from stock—in ;, in. si hen you need them. 

Standardised Tools also available at short notice for Square, Oblong 

and other shapes, Louvre Forming (up to 8 in. long), Corner 

Notching, Corner Radiusing, Angle Iron Notching and Piercing, etc. 

Get the outfit now—Buy Punches, Dies and tools as you need 
them 

Descriptive brochure and prices on request 


HUNTON LIMITED 
Pheenix Works, 114-116, Euston Road, London, N.W.|! 


Telephone : Euston 1477 Telegrams : Untonexh, London 














POWER 


REPRE: 


SUPPLY UNITS 





SERIES 100 
DC Output, Stabilised, 200-350V 120mA and continuously 
variable. 
AC Output, Unstabilised 0-4-6.3V 3.0A. 
100A Bench Model, as illustrated... os ae 
IOOAR Rack Mounting Model oe po 


Delivery ex-stock. 


Available with negative bias supply at £63 and £64. 
Power Supply Units and other special electronic equipment 
made to customers’ specifications. 


Pamphlet and full particulars from 


HARVEY ELECTRONICS LTD. 


Precision Mechanical and Electrical Engineers 
273, Farnborough Road, Farnborough, Hampshire. 
Telephone: FARNBOROUGH 1120 
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Announcing the 

' SCALAMP 

| ELECTROSTATIC 
| VOLTMETER 










This instrument intro- 
duces a completely new 
.. conception of electrostatic 
=" voltmeter. It is compact, 
~ portable and robust, and does not 
require critical levelling or special 
mounting. The movement has 
a taut suspension, is critically 
damped, and readings can be 
taken with rapidity and ease. 
Three models are available: 
at. No. E.E. 11308 
~_ 1-5 kV AC. D.C, 
at. No. E.E, 11 
aure 3-10 kV A.C. D.C, 


Cat. No. E.E. 11310 
5-18 kV D.C. and 
5-12 kV A.C. R.MLS, 


Cat. No. 
&.E, 11310 


DIRECT READING. 
ZERO CURRENT 
| DRAIN 


PERIOD. 


LAMP OPERATES 
FROM MAINS OR 
4 VOLT BATTERY. 


BRIGHT SPOT- 
AND-HAIRLINE 


1 

i 

i 

i 

1 

1 

H 

THREE SECONDS | 
i 

1 

i 

1 

i 

1 

1 
INDICATOR. | 










INSTRUME pif 

INOUSTRG® 

EXHIBIMIe 
a 


| Please write for illustrated leaflet. 


| SCIENTIFIC PE INSTRUMENTS 


| W. G. PYE & CO. LTD.. GRANTA WORKS CAMBRIDGE 











ELECTRIC 
SOLDERING IRONS 


Solons save time, reduce costs. 
Solon soldering is always clean, reliable, and 
simple. Five models, in voltage range 100- 
250, each with 6 feet Henley flexible. 65 
watt—oval tapered or round pencil bits. 125 
watt—oval tapered or round pencil bits. 240 
watt—oval tapered bit. 


Write for Folder Y.10 
W.T. HENLEY’S TELEGRAPH WORKS CO.LTD. 
51-53 HATTON GARDEN, LONDON, E.C.I 
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HYDRAULICALLY FORMED 


by a 


process 





Combining the 
properties of: 


for Automatic coolant regulation: Movement for pressure change: 
Packless gland to seal spindle in high vacua: Reservoir to accept liquid 
expansion: Dashpot or delay device: Barometric measurement or control: 

surised couplings where vibration or movement is present: Dust 
to prevent ingress of dirt: Pressure reducing valves: Hydraulic trans- 
mission: Distance thermostatic control: Low torque flexible coupling: 
Pressure sealed rocking movement: Pressurised rotating shaft seals: 
Aircraft pressurised cabin control: Refrigeration expansion valves: 
Thermostatic Steam Traps: Pressure amplifiers: Differential pressure 
measurements: Thermostatic operation of louvre or damper. 


Write for List No, M. 800-1 BI2 


Drayton METAL BELLOWS 


Drayton Regulator and Instrument Co. Ltd., West Drayton, Middx. 


unique in this country 


an 
yyy, 


t A compressien spring 
° capable of repeated flexing 





A container which can be 
* hermetically sealed 


3, A packless gland 













No. 26. Mica 


Compression Trimmer 


For use in Television 
circuits. High stability with 
constant, wide capacity 
swings and long life at high 
voltage. Blade _ resilience 
not affected by continual 
setting. Low loss Rockite 
base and best Mica 
di-electric give very efficient 
Power Factor. Location 
method prevents flash-over 
from blade movement. 
Capacities up to 1,000 pF, 
at 1,500 or 3,000 v. D.c. 
test and up to 3,000pF. 
for 250 v. D.c. test. 1.225” 
diam. 12” high. 


———en@% Full details of the complete ‘*‘ Cyldon ’’ range, and list 
of Overseas Agents available from the Manufacturers : 


from MINIATURE TRIMMERS to 
HIGH VOLTAGE 
TRANSMITTER CAPACITORS 








eecesion Variable 


CAPACITORS 


Here are shown just two examples 
from the comprehensive ‘‘ Cyldon”’ 
range. For precision, stability and 
long life, ‘‘ Cyldon” superiority is 
recognised by all designers and users 
of electronic equipment. 





No. 18/5. 
Air 





Di-electric 
Trimmer 


Of high stabil- 
ity and excel- 
lent Power 
Factor. High 
but smooth 
operating 
torque. Metal 
parts silver | 
plated. First-grade ceramic base. | 
Single-hole fixing. Split stator 
and locking versions also 
available. Max. capacities from 
10-30 pF. Base size 1” x §”. 











SYDNEY. $. BIRD 


& SONS, LTO 








Contrectors to Ministry of Supply, Pos 
Office. and other HM Government Depts 








CAMBRIDGE ARTERIAL ROAD - ENFIELD © MIDDX. Enfield 2071-2 
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WRIGHT STREET 
SMALL HEATH 





Phone: Victoria 0223, 2003 
Grams: Small, Victoria 0223, 2003 
Birmingham 


WASHERS in all materials 
PRESSED NUTS Brass & Steel 
PRESSINGS in all Metals, 

Bakelite & Fibre. 


© 





RELAYS for TELECOMMUNICATIONS 


A Quality Relay with Sensitive High Efficiency Magnetic 

Circuit similar to G.P.O. 3000 type. Improved design Coil 

Tags. Armature fixed with special clip for easy removal. 
CHARACTERISTICS. 

CONTACTS. Nickel Silver Springs with Silver, Silver 

Alloys, Platinum or Heavy Duty Elkonite Contacts as 

required. Up to six sets of Change-over or eight sets of 
Make or Break Contacts. 

COIL. Resistance from 1 to 100,000 ohms. Up to three 

windings on one coil. 
Enquiries to; 


AUTOPHONE LIMITED 


539/547, Wandsworth Road, London, S.W.8 
MACAULAY 2381/2. 
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SPECIALISTS IN PACKING 
ELECTRONIC EQUIPMENT 


SYNTHETIC SUPPLIES LTD. 


ALBERT MILLS - SILK STREET , 
ECCLES - MANCHESTER 
Telephones : ECCles 1720 & 3225/6 

| 
| 


Casemakers and general joinery : Packing and 
Preservation : Shipping and Forwarding Agents: 
Warehousing 





Contractors to the Admiralty, Air Ministry, Ministry of Supply 
& G.P.O. Approval No. B23789/40 














i 





X-RAY TARGETS WITH OR WITHOUT 
CAST-ON COPPER BODY. 
ROTATING ANODES. 


"~ 


We have a wide range of 


MOLYBDENUM TUBES AND OTHER | 
YBDENUM TUBES AND | FIRST GRADE ELECTRONIC INSTRUMENTS 
TUNGSTEN RODS AND THREE-PIECE LEAD available from stock. 
WIRES FOR TUNGSTEN TO GLASS SEALS | 
Ain,” TUNGSTEN WELDING ELECTRODES FOR INERT We specialise in 


Y GAS ARC WELDING 
{ } TUNGSTEN CONTACT RIVETS AND SCREWS 


STABILIZED POWER SUPPLIES 


covering all voltages from | volt — 75,000 volts. 


puree 4 
Write for full specifications to :— 
E L E C T R 0 “AL LOYS, | A. Patterson & Partners Ltd. 








| Hen 
12, BRUNEL RD., LONDON, W.3. "lao LABORATORY FURNISHERS 
r 5 156 High Holborn, LONDON, W.C.I. THE 
Makers of TUNGSTEN and MOLYBDENUM Products | Phone: CHAncery 7717 
| and at High Wycombe. Phone: PENN 2334 











SERVOTRONIC SALES invite enquiries | 


| 
| 
for the following specialised items of Electro-Mechanical | 
and Electronic equipment :— | 


MAGSLIPS and accessories _ SELSYNS 
ipots  — SINE-COSINE POTENTIOMETERS 


SCREENED ql 
CONNECTORS ig 








































| Cor 
VELODYNES and A.C. SERVO MOTORS for cables of 0.2” to 1.03” 0.D. (St 
VARIABLE FREQUENCY SINE-WAVE GENERATORS a eee 
Special types fitted with coupling rings. Cor 
PRECISION GEARS — REPEATER MOTORS Cable joining connectors. 
| > 
Technical Data, Prices and Deliveries from:— = Type Commenters ao Miapirated. bi 
SERVOTRONIC SALES inc. HOPTON RADIO oy TYPE ‘NO. ' 
No. |, Hopton Parade, Streatham High Road 0.41” Straight giak Gp.071 Wil 
London, S.W.16 Tel.: Streatham 6165 0.25” Reducing adaptor RD.07/05 (U 
bona fide enquiries only please | 0.2” Reducing adaptor RD.07/03 dir 
Saas ir orn a Ler ae fits on ) . 
| meget Elbow plug adaptor Lp.071 Wil 
| vp.071 } (¢. 
A HEAVY DUTY | po !| Bulkhead (Junction) vp.071 Gar 
TILTING ARMATURE | cont )| adaptor 
A.C. RELAY | fsa | se Vitt 
GD. assis receptac e CD. 
DESIGNED FOR | D071 | He: 
| 
RAPID & CONTINUOUS | Other Transradio specialised products: Min 
OPERATION WITHOUT CO-AX air-spaced articulated 
Very Low Loss Cables. 
DETERIORATION. Microdual Two-speed Precision Drives. ts 
HILTON ELECTRIC TRANSRADIO iD y 
warctahcving sie 138a CROMWELL ROAD, LONDON, SW7, ENGLAND 
52, POOL ST., WOLVERHAMPTON. Phone: 21219 RD.07/05 : Telephone: FREmantle 4421 (P.B.X.) 
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RD.07/05 
RD.07/03 
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vp.071 


cp.071 
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Craftem en in ‘Small 


Presswork 


RAPID DELIVERY OF SMALL _ PRECISION 
PRESSINGS IN ANY MATERIAL 


ACCURACY GUARANTEED 


MASON & CO. (pressinesy LTD. 


Victory Works, St. George’s Street, 
BIRMINGHAM, 19 


Manufacturers to Electronic and Electrical Trades 


~ 
| 
































p Ow E | R Transformers 


I0VA to 100kVA Open, 
Enclosed, Oil Cooled, 
D.W. and Auto 


For Industrial Engineering, 
Furnaces, Electronics, Phase 
Conversion, etc. 





THE TRANSFORMER & ELECTRICAL CO. LTD 
Eastern Works, Walthamstow, London, E.17 
Phone: KEYstone 5031/2 


QUALITY COMPONENTS 


for the Electronic and Instrument Industries 








Constanta High Stability Resistors 
(Stability and tolerance from + 0.5% to + 10%) 


Constanta Carbon Potentiometers 


Winkler Precision Multiway Switches 
(Up to 30-ways per bank and up to I6 banks, | to 3 poles) 


Winkler Key Switches 
(Up to 8 change-over switches in one unit of small 
dimensions) 





Wire-wound Potentiometers | 
(}"watt to 250 watts) | 


Ganged Carbon Potentiometers 
Vitreous Wire-wound Resistors 
Heavy Duty Multiway Switches 


Miniature Mass Type Resistors 


G. A. STANLEY PALMER 


A.R.Ae.S. 
Maxwell House, Arundel Street, 
LONDON, W.C.2. 


ees | Phone ; 





TEMple Bar 1610 queen 


MAY 1953 3 





Quartz Crystals of any shape and size cut and 

ground precisely to specification and coated, if 

required, with Gold, Silver, Aluminium or 
Rhodium, etc, 


Brookes CrystTALs Ltp. 


Suppliers to Ministry of Supply, Home Office, etc. 
10, STOCKWELL STREET, GREENWICH, LONDON, S.E.10 
Phone: Greenwich 1828 
Grams: Xtals Green, London. Cables: Xtals, London 








MAGNETIC 
RELAYS 


BUILT TO YOUR SPECIFICATION 


Speedy Deliveries of Types :—P.O. 600 and 2008, Siemens 
High Speed, A.C. Relays 6 to 400 voit 


LARGEST EX-GOVT. STOCK IN GT. BRITAIN 


Uniselector Switches, Telephone Switchboards, Telephone Components, 
Plugs, Jacks, Handsets — Government Contractors. 


JACK DAVIS (RELAYS) LTD. (oept. £6) 
36 PERCY STREET, LONDON, W.! 


Phones : MUSeum 7960, LANgham 4821! 











WE TALK YOUR LANGUAGE 
when itcomes to TRANSFORMERS 


x designed for standard & special applications. 

* built for reliability. 

x engineered for trouble-free 
operation. 








AMOS of €exvETEeR RTS WORKS COwIcK STREET ,ERETER 





TRANSFORMERS BY 
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INDUSTRIAL PROBLEMS .s 


AN ACCESSORIES~ | % 
png ME ELECTRONIC | No. |STROBOFLASH 


Bn PARATUS MAN. UF FACTUR, ER! | An instrument for the rapid measurement and 








observation of machinery at slow speed by optical 
effects. 


| This portable instrument will solve your production 
problems in a flash. 





For advice and demonstrations consult :— 


i een Made In A. C. FARNELL LTD., 








N 
= ven oO amp. sizes 15 PARK PLACE, _ LEEDS, I. 
.- = oe Telephone :— Leeds 32958/9 

















“SANOID” FIRST AID 


For over fifty years we have studied and supplied the 
specialised First Aid requirements of Industry. We believe 
our efforts have been of advantage to those we are privileged 600 ; 
to serve, as on many occasions we have been able to meet the 
particular needs of various industries and conditions. 





May we help 


7 N A 
Lah? Semguttormouning Type All, Ac. power | you! Gur wide A PRODUCT OF oy 
cn customers’ own cover RELAY - 4-pole with N.O. | experience is at CuxSOn ¢ ColtdA 

















i , ° * 
plate. ee. | and we should be OLDBURY BIRMINGHAM 
t 
THE DONOVAN eran. ine _. you our current FIRST AID SPECIALISTS cs 
Safuse Works - Stechford Birmingham met ESTABLISHED 1878 
VALUABLE 
BOOK | 





which details the wide | 
range of Engineering and 
pony ray Courses 


FREE 2: 


by E.M.1. Institutes—the only Postal Cites which is part of a world- 
wide Industrial Organisation. Engineering Courses include training for : 


City and Guilds Grouped Certificates In Telecommunications ; A.M.Brit.I.8.€. Examl- 
nation, Radio Amateur’s Licence, Radio & Television Servicing Certificates, 
General Radle and Television Courses, Radar, Sound Recording, ete. Alse Courses 
In all ether branches of Engineering. 


EMI rr re See een “4 
Please send, without obligation the FREE beok 

“eee iE: M.|. Institutes, Dept. 11 : 

{43 Grove Park Rd., Chiswick, London, W.4 


wlinconipiont HMY! ices | 


COURSES oy PER. | Address 
PATENTED 


(NIE 
SESS SELF-ADHESIVE LABELS 


STICK TIGHT ON SMOOTH AND DIFFICULT SURFACES 
Supplied with Dispensers for Quick Handling 


Sole Licensees in the U.K. of the American inventor of the “ KUM-KLEEN” Label :— 


WILLIAM SESSIONS LIMITED 


YORK ENGLAND 








EDGES ALSO RUBBER COVERED 


"THE extreme edges of this iH 
clip are rubber protected § 
thus fully itenaiiae the clip, avoiding metal ; 
to metal contact and absorbing vibration. It } 
is available either in full circular or saddle H 
type, in nominal pipe diameters from 4 in. i 
to 2} in., in flexible steel or aluminium. All 3 
types of this clip are offered either as a plain 

type or providing electrical contact through a 

metal tongue. Full literature is available on 


request, 
Department A.O. 


HOWARD CLAYTON-WRIGHT LIMITED i 
WELLESBOURNE WARWICKSHIRE 
| Phone: Wellesbourne 316/7/8 Grams: Clatonrite Wellesbourne 
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Dept. E.E. 


18 TOTTENHAM 
COURT ROAD, 
LONDON, W.!. 
Tel.: MUSeum 2453/4539 


AD, 


Late ALEC DAVIS SUPPLIES LTD. 


RELAYS 


D.C. COIL RESISTANCE 


3,000 TYPES : 1.92 to 80,000Q 
600 TYPES : 0.40 to 9,200. 


ose. LARGE STOCKS OF 
OUBLE & TRIPLEWOUND 
AND SLUGGED COILS. 


CONTACTS 


3,000 TYPES : up to 8 sets. 
600 TYPES : up to 4 sets. 
3,000 TYPES: Make (M), Break (B), 
in Twin - silver, Twin - platinum, 
Dome-silver (2 amp.), Tungsten 
(5 amp.), and Flat-silver (8 amp.). 
Change-over (C), in all but 
Tungsten; Make-Before-Break (K),in 
Twin-silver and Twin-platinum. 


600 TYPES: (M), (B) and (C), in 
Twin-silver and Twin-platinum. 


SPECIAL 
High resistance slugged coils (up to 
10,000 with |” slug) now 


Business Hours: 
Monday-Friday 9—5.30 
Saturday 9—I! 





available. 











SPEAKS FOR ITSELF 


The Insuloid * Ring-Lock’* 
Cable Bush provides the most 
efficient method of protecting 
cables from chafing. 

Although fixed in an instant 
without tools it cannot be 
dislodged in service. 


APPROVED FOR SER) 
INSULOID MANUFACTURING CO. LTD 


—_ 





THE SERVICE ENGINEER'S 
FIRST CHOICE 
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BRASS, COPPER, BRONZE, 


ALUMINIUM, LIGHT ALLOYS 
IN ROD, BAR, SHEET TUBE, STRIP, WIRE 
3000 STANDARD STOCK SIZES 


H. ROLLET & CO., LTD. 


6 CHESHAM PLACE, LONDON, S.W.lI. 
SLOane 3463 
WORKS : 
36, ROSEBERY AVENUE, LONDON, E.C.I. 
“No Quantity too Small” 


also at 
Liverpool - Manchester - Birmingham - Leeds 














TECHNICAL BOOKS 


H. K. LEWIS & Co. Ltd., invite inspection of 
their stock of books on all branches of Radio 
and Electrical Engineering. 

LENDING LIBRARY :_ Technical and Scientific. 
Annual Subscription from TWENTY-FIVE SHILLINGS 
Prospectus Post Free on Request. 

THE LIBRARY CATALOGUE revised to December 
1949, containing a classified Index of Authors and Sub- 
jects. To subscribers, 17s. 6d. net. To non-subscribers 

35s. net. Postage Is. 3d. 
Supplement 1950-1952 in preparation 


LONDON: H. K. LEWIS & Co. Ltd. ,136 Gower St.,W.C.I 


Telephone: EUSton 4282 (7 lines) 
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A versatile fellow— 
the one-man band 
—and for real versa- 
tility you should see 

the extraordinary 
range of engin- 
eering components that come 
from ‘Castle’? Works. They 
cover every conceivable field of industry. 


Repetition Work in All Metals, Precision Turned 






and Screwed, Machining and Light Assemblies. 
Brochure on request. 
The 


CASTLE ENGINEERING 


Company (Nottingham) Ltd 


phy shower: poe Be Boulevard - Notti nahas 


Telephone Nottingham 46068. (Sine: “\ Telegrams ‘Capstan’ No gham 


L 4231A 
ELECTRONIC ENGINEERING 











INSULATION | Hj itn for Ho 


Our a so 

id ; Pressboard ; Vulcanized Fibre ; 
Cable and Red — Paper ; Bakelite and Ebonite ; Varnished 
Paper and Tapes; Varnished Silks and Tapes ; Varnished 
Glass and Tapes; Varnished Cambric, Silk, Glass and P.V.C. 
Sleevings ; Cotton Tapes, Webbings and Sleeving; Chatterton 
Compound ; Adhesive and Rubber Tapes. 


PRESSPAHN, LTD. 


Bradford, Yorks, England 
Established 1900 





aeciSTERe, 











FListEl 


EListeA[) 


ELLSTEA 


which gives complete 












details of the wide 








Telephone : 
Bradford 25135 (Pvt. Br. Ex.) 


Telegrams & Cables : "Ra ¥ 
“* Presspahn, Bradford ” ee mane 






range of resistance 


materials which we 





draw into wire as 
THE LATEST in 
AIR DIELECTRIC TRIMMERS 


fine as .0005” 











extra protection 





75 mim. 15 to 20pF—10 

m/m. 2 to 26pF—I1 m/m. 2 

to 32pF—12 m/m. Law: 

Straight line capacity. Power 

Factor: Less than .001. Insu- 

lation: Over -~ | aoe 
Voltage: 500 





| TOPHET =" 


‘ bs oe approved 
0) x L ey é ” Cat. ANoses Manufactured by GILBY-BRUNTON LTD. 
‘Sir? eran ; : LO 
eT cere. | | Ut Ofer & Works: Sone ee Sond 


ULVERSTON, NORTH LANCS. TEL: ULVERSTON 3306 London Office: 47, Whitehall, S.W.1. WHltehall 6058. 























aaa 


® WI LK | NSON tg oe 
| | 19, LANSDOWNE ROAD, CROYDON 
| Phone : CRO 0839 Telegrams : ‘‘ WILCO '’ CROYDON 


| TEST SET 205. Wavemeter range. 3.05 to 3.35 centimetres, 
built-in oscillator with 9 valves including Klystron type CV.129, 
etc., in good condition, £25. 


MICROAMMETER. 0-50 23” Flush type, contained in Test 
Set 28. A very sensitive meter. Scaled 0/100. £3 10s. complete. 


| SIGNAL GENERATOR. Test Set 210. Range 20 to 88 Mc/s 
| in 4 Bands. Crystal Controlled, 2 Crystals, Vernier adjustment. 
Brand New. Input 80 and 115 Volts, £12 10s. 


| IGNITION TESTER. Type U.E.D. English Electric. Incorporat- 
| ing Cathode Ray Tube giving a visual trace of the complete ignition 
cycle enabling the electrical performance of the entire system to be 
| observed whilst the engine is running. Operates on 230 Volts 
A.C. also 6, 12 and 24 Volts D.C. Brand New. £28. 


VARIAC TRANSFORMERS. Type 80 CO in brass case, oil 
| filled, 50 cycles, P. 200/240 volts S., 220 volts, 7.5 amps, £7 10s. each. 
| Also an open type, 500 cycles, 180/0-180 volts, 7+7 amps, £12 .0s, 


| “SPEARETTE? wwe | | 


| PIN 

_| ALIGNING TOOLS 
TYPES AVAILABLE FOR 
| B7G - B8A - BIA 
VALVE BASES 


| SPEAR ENGINEERING CO. LTD. 
TITAN WORKS, WARLINGHAM, SURREY 
Telephone: Upper Warlingham 2774 


RADIO AND 
RADAR 
TECHNIQUE 


By A. T. Starr, M.A., Ph.D., M.I.E.E. 
The author is well-known as an outstanding 
worker in the field of radio and radar. In 
this important new book he surveys present- 
day knowledge of the essential methods and 
techniques, paying particular attention to 
noise, microwave techniques, waveforms, 
pulse circuit techniques, and electronic 
tubes. Designers and other advanced 
workers, and post-graduate students, will 
gain access through this book to the whole 
body of modern knowledge of this subject. 
Profusely illustrated. 830 pages, 75s. net. 














PITMAN 


Parker St., Kingsway, London, W.C.2 


S-2-2-2-2-~4~4~4 44-4 a 
FPP PEL PPP IE LL OE LE PLLA Pee LLL LE LE LPR PLD! LR PL LP! aD DP 

2-22-22 -~4>-4>- 4-44-44 4-4-4 4-4 4-4 4-44-44 > 44-4 
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HIGH 
SENSITIVE 
BUZZERS 


Wound from 
1.5 to 110 volts 


€ 
Solid 
Construction 


e 
Quality 
Materials 
* 
Fine-Silver 
Contacts 
s 
Easily 
Adjustable 
e 
Compact in 
Size 
FOR TELECOMMUNICATION WORK 
STANDARD FINISH OR TROPICALISED 
Enquiries Invited for : 

CHOKES, POLARISED BELLS, INDUCTION COILS. 


AUTOPHONE LTD. 


539/547 WANDSWORTH ROAD, 
LONDON, S.W.8. MACaulay 2381/2 














MOULDED 
RUBBERS 


Years of practical experience 
is applied to your needs in 
industrial rubbers 
when you consult the 





mf 


Dainite Technical |4& 


sesame idend 


Staff. We welcome 
your enquiries. 











The HARBORO’ RUBBER Co. Ltd. 
MARKET HARBOROUGH _ Telephone 2274-5 


L4366E 
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SOLLULEL 
wr” Wolf 











| WIDEST RANGE 

| FAST at FAR LESS © 

Type 31 

| SOLDERGUNS yee 3) ee 
| TYPE 21 


Type 4) gaye 
en Type 81 > Type 71 ET 

OFF-STRAIGHT EASY-GRIP HANDLE-LOCALISED 
HEAT - MAINTAINS CORRECT HEAT - QUICKER 
HEAT-UP - PERFECT CONTROL - LOW CURRENT 
CONSUMPTION - MODELS FOR EVERY PURPOSE 


eager 
SOLDERING IRONS Type 32 aca 


Type 42 set 


For all who, for special reasons, 
prefer the conventional straight- 
type handle. Identical as regards elements and 
bits to Wolf Solderguns but with round hard 
TYPE 22 wooden handle with heat-deflecting skirt. 


TRIGGER-FEED 


The Wolf type 51 Soldergun with its 
trigger solder-feed action is _ indis- 
pensable to all modern assembly. TYPE 5! 












%* Obtainable from all High-class Stockists and Ironmongers 


WOLF ELECTRIC TOOLS LTD PIONEER WORKS HANGER LANE LONDON 








Quantity production of small automatically made pieces in 
Steatite, Porcelain, and Rutile materials for electric coo 
and heating equipment, and telecommunication apparatus. 














| GEO. BRAY & CO. LTD., Leicester Place, Leeds 2 


Tel.: 20981/8. Grams.: “ Brau, Leeds 2” 
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Machinery Lloyd Overseas Edition 


CLOSER TO CANADA through— 


At the Canadian International Trade Fair in Toronto— 
June ist to 12th, 1953, eight British publishers, including the publishers of 
“ELECTRONIC ENGINEERING” will pool their resources to create and 
staff a combined exhibit of trade and technical journals—all on a single stand. 


This teaming up of business competitors in a common effort will do much 
to increase Canadian demands for British products and equipment. 


izing the great variety of interests covered by this market, the display 


Recogn 
will include publications in a wide range of industries which will represent, both 
editorially and through their advertisement pages, thousands of British manu- 


These journals will be exhibited 


Commercial Motor 

Cycling 

The Motor 

The Motor Cycle 

Motor Cycle and Cycle 
Trader 

Motor Cycling 

The Light Car 

The Aeroplane 

Aircraft Production 
light 

The Motor Boat and Yachting 

The Motor Ship 

Shipbuilding & Shipping Record 

Yachting World 

Farm Mechanization 

Farmer & Stock-Breeder 

Power Farmer 


Export 


BRITISH JOURNALS ARE THE 
BUSIEST SALESMEN IN THE WORLD 


British Plastics 

Plastics 

Electronic Engineering 

Wireless World 

The Chemist & Druggist 

The Export Review of the British 
Drug and Chemical Industries 

Industrial Chemist 

Architect & Building News 

Electrical Review 

New Commonwealth 

Power Laundry 

CABMA Register 

All visitors to the Canadian Inter- 

national Trade Fair are invited to see 

this great display at Stand No. 3166- 

3168. Our representative will be 

there to give assistance to all enquirers 
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TALPACKS’ | 


FOCUS ON 
LEADERSHIP 


PAPER CONDENSERS FOR 
SUPER TROPICAL SERVICE 


The T.C.C. ‘ Metalpack’ range has been 
developed for operation in .high humidities and 
high temperatures. Their ability to withstand 
variations from -40°C. to +100 C. makes them 
the obvious choice of the design engineers for such 
applications as receivers and transmitters required 
to work under the most stringent conditions. 


The internal construction follows the well- 
proved T.C.C. technique of winding non-inductively 
two or more layers of paper dielectric to each layer 
of solid aluminium foil, all impregnated under 
vacuum, and finally hermetically sealed in aluminium 
tubes. These condensers can be supplied with 
insulating sleeves if required. 








| WORKING DIMINS. ust 
TS D.C. INCHE 
CAPACITY | tise AO en PRICE 
vs 


At At Each SPEC LAEIS: FS 


| 70°C. 100 C.- 
005 | 1,000 750 | cP4sw 10 IN 
| CP4SW ) 1/10 


01 1,000 | 750 
.02 750 600 CP45U 1/10 CONDENSERS 
05 500 | 350 CP45S 2/1 
A 350 | 200 CP45N | 2/I SINCE 
A 500 350 CP46S 2/2 

a 1,000 600 CPA7W 2/6 

25 350 200 CP43N 2/2 1906 
25 500 350 CP47S 2/10 
5 350 = 200 CP47N 3/- 
5 500 350 CP9IS 3/10 
1.0 350 200 CP9IN 4]- 


DETAILS OF COMPLETE RANGES AVAILABLE ON REQUEST 
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Vidal Link... 


. with safety in the hazardous enter- Faultless Fluxing preserves the Vital Link 


prise of the deep sea trawler is its 


Dry or H.R. joints are impossible with Superspeed for 
radio and radar equipment upon which the flux is always released in exactly the correct proportion. 
safe navigation depends. Thousands of This taultless fluxing action is achieved by the unique 
STELLATE core which gives six points of rapid solder 
collapse. At soldering temperature the activa- 

functioning of this delicate apparatus. ted rosin flux is released immediately for effec- 
One dry or H.R. joint could mean the tive spreading and wetting. Superspeed is being 
; used more and more in the production of radio 


and radar equipment where faultless joints 
of the vital link, a perilous voyage. are essential, 


soldered joints contribute to the efficient 








breakdown of a circuit, the destruction 





“White Flash” activated rosin-cored solder for general electrical, electronic 
and telecommunication work and all standard uses. A.I.D. and G.P.O. 
approved. Complies with M.O.S. Specification DTD 599. In all standard 
tinflead alloys, 10-22 s.w.g. Also available in a range of coloured cores, 
indispensable for simple intermediate and final inspection and circuit or 
operator identification. Samples of Superspeed and the comprehensive Super- 
speed booklet gladly sent on request. Technical advisers are available for free 
consultation. Cored and solid solder rings and solid solder washers supplie J 
to customers’ specifications. 


YT ATR 
WANUFACTURED BY THE EN H OVEN GROUP 


Marketed by Enthoven Solders Ltd. , Enthoven House, 89, Upper Thames Street, London, E.C.4. Tet. Mansion House 45 3 3 
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